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A SPACE-CHARGE-FLOW COMPUTER PROGRAM
by Carl D. Bogart and Edward A. Richley

Lewis Research Center

SUMMARY

A description of a computer program for the solution of two-dimensional and axisym-
metric space-charge-flow problems is given. The program is written in FORTRAN IV
for an IBM 7094 computer. Primary emphasis is placed on nomenclature, word defini-
tions, and programing procedures. The program overlay chart and subroutine flow dia-
grams are presented, and example sets of input and output data for a variety of boundary
conditions are given and fully explained. The program has been applied extensively for
the analysis of various electrostatic-thrustor-design concepts, wherein positive charged-
particle flow is conventional. It is equally applicable to various other problems, such as
electron tube design in which the particles (electrons) have a negative charge. Output
data listings include detailed information on potential distributions, particle trajectories,
thrust, power and current densities, and other parameters of interest.

INTRODUCTION

Design requirements of electrostatic thrustors that are under investigation at the
Lewis Research Center have given rise to the need for a numerical method of analysis of
charged-particle trajectories subject to various boundary conditions. To fill this need,
a computer program has been developed at Lewis that is capable of solving both two-
dimensional and axisymmetric problems for charged-particle-flow conditions that range
from zero charge density to space-charge limited. The program is presented herein.

Early versions of the program have been reported previously in references 1 and 2.
Reference 1 deals with the two-dimensional space-charge-limited-flow problem and in-
cludes a program written in FORTRAN II for an IBM 7094 computer. In reference 2, a
program for a special axisymmetric space-charge-limited-flow problem is given, and
in a similar manner, other investigators have prepared computer programs for particu-
lar space-charge-flow problems (e.g., ref. 3). Subsequently, several additional fea-
tures have been incorporated into the programs given in references 1 and 2, and they



have now been merged into one overall program.
In references 1 and 2, emphasis was placed on the mathematical techniques that were

employed to obtain numerical solutions of the various problems and the interpretation of
results from the physical viewpoint. Very little attention was given to a description of
program details from the computer programing viewpoint. Because of their length and
complexity, this has led to difficulties regarding use of these earlier programs by inde-
pendent investigators. In this report, the purpose is to describe the present computer
program with emphasis on preparation of input data.

THE PROBLEM

In this section, the mathematical model will be established from a physical model,
and the general method of solution will be described. While much of the information in
this section has been reported previously (refs. 1, 2, and 4), a brief description of the
problem and general method of solution is necessary for completeness.

The problem under consideration is either the two-dimensional or axisymmetric
space-charge-flow problem for positively or negatively charged particles. For the in-
vestigator of various electrostatic-thrustor designs, numerical solutions are sought that
will provide detailed information regarding parameters, such as potential distributions
for various boundary conditions, ion trajectories, thrust, power, and current-density
distributions. Many of these parameters are of interest in other fields of study, such as
electron tube design.

Physical Model

The problem is formulated by first defining a region of interest of a prospective
thrustor design such as shown in figure 1. The ideal theoretical performance of this
thrustor as well as several other thrustor configurations is given in reference 5. In the
design shown in figure 1, ions are formed on the downstream face of the ionizer, which
together with the focus electrode is maintained at a high positive potential with respect
to ground. The accel electrode is at a negative potential, and the resulting field causes
acceleration and ejection of the ions that make up the exhaust beam. Along with the
aforementioned parameters, the minimization of ion interception on the accel electrode

is of particular importance to a prospective thrustor design.

Mathematical Model

For the purposes of the numerical analysis, the region of interest, depicted in fig-
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Figure 1. - Cross section of Lewis Research Center divergent-flow contact-ionization
thrustor and ideal potential distribution.

ure 1, is laid out to scale, bounded, and overlaid with a uniform square mesh, as shown
in figure 2. All mathematical symbols are defined in appendix A.

Boundary conditions may be given either in terms of a potential (such as along the
ionizer and electrodes) or as a zero normal derivative of potential. This latter specifica-
tion is applicable, for example, along the lower boundary of symmetry and is also a rea-
sonable approximation along the upper boundary, particularly if the boundary is normal
to the electrode surfaces and is sufficiently removed from the space-charge-flow region.
Thus, the best location of some of the boundaries becomes a matter of judgment. For
example, the right boundary is not physically well defined; however, for ion-thrustor
operation, in which neutralizers are used, it can be approximated as a straight line of
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Figure 2. - Mathematical model for charged-particle-flow analysis.
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cally starting at the upper left corner.
The mesh may be made as fine or as
coarse as desired within practical
limits. The total number of mesh
points employed is limited only by the
storage capacity of the computer.
Typical problems have used from
1500 to 3000 points.

Additional specifications required
for preparation of input data are the
calculated values of the various €'s
and 6's (see sketch (a)), which are
fractions of mesh-spacing distances
measured from the mesh point under
consideration to the boundary at a
fixed potential. In these problem

specifications, it is noteworthy that no restrictions are imposed with respect to the shape

of the region.

The equation that must be solved for the bounded region is the Poisson equation,

which can be written for the two-dimensional problem as

2 1
-Vi(,y) == p(®,x,Y) (1)
€
o
and for the axisymmetric problem as
2 1
-v (,D(I',Z) =—p(€0,r3z) (2)

€o

The functions ¢ and p are the continuous potential distribution and space-charge-



density distribution functions, respectively. For the numerical, or discrete, problem,
equations (1) and (2) are rewritten as

-VZW(Xy Y) = f(W7 X, Y) (3)
and

-Vzw(r, z) = f(w, r, z) (C))

o/

— —~ Subregion of A five-point formula approximation of equation
Ve

2 | o5 |78 influence for (3) or (4) is made for each mesh point of the bounded

L4 [ ] .
point 5
A B
' l 3 o6 o rior point, such as shown in sketch (b), is for the two-
— [ ]
‘ B T-— h :J_ O Akis dimensional problem

region. For example, the equation for a simple inte-

(b}
2

1
W5——]1(W2+W4+W6+W8)=—4-f5h (5)

4

For the axisymmetric problem, the equation for point 5 is

2

r(élw5 - Wo - Wy - Wg - W8) +§ (vv6 - W4) = rfgh (6)

Derivations of these equations as well as variations that arise for points near the various
boundaries are given in references 1 and 2.

The equations, when written for each of N mesh points, form a set of N linear al-
gebraic equations with N unknowns. These equations, arranged in proper order, may
be written in matrix form as

Aw =k (M
where A is a matrix consisting of the coefficients of the w's, and w and k are column
vectors representing the potential distribution and space-charge-density distribution
functions. The column vector k also contains the known boundary values. The method
used for solving equation (7) is the Cyclic Chebyshev Semi-Iterative Method, and details
regarding the mathematical techniques used are given in references 1 and 2.

GENERAL METHOD OF SOLUTION

The numerical solution of equation (7) in the absence of space charge presents no



particular problem, and the Laplace potential distribution is readily obtained by straight-
forward iteration. With space charge present (due to the charged particle beam), the so-
lution is more complex since values of the space-charge function that are required in

equation (7) are not known a priori.
To begin the calculations that include space-charge effects, it is noted that

fw,x,y) =+ 1&) (8)
e, v(x,y)

where j and v are the current-density and ion-speed functions. Similar equations ap-
ply in axisymmetric notation. Thus, if the functions j and v can be determined, values
of f may be calculated for use in equation (7). The j and v functions are not known
explicitly; however, they may be initially approximated from known physical laws, and
additional iteration techniques may be employed. The initial j and v estimates are ob-
tained with the aid of the Laplace potential distribution.

As discussed in reference 4, solutions may be obtained for either space-charge-
limited-flow or less-than-space-charge-limited-flow problems.

Space-Charge-Limited Problems

The procedure to obtain values of j and v is as follows: The ionizer is divided into
an arbitrary number of line segments of length s, as shown in sketch (¢). Ion trajecto-
ries, which form the boundaries of
stream tubes, are assumed to start
from the ends of each line segment.

As the trajectory moves to the right to
each mesh column, its position is first
estimated from the slope given by the
" Jon trajectory velocity components at the previous
mesh column. Its final position is de-
termined by an iterative procedure that
employs the equations of motion. The procedure and various trajectory possibilities are
described in detail in reference 1. Velocities at any point in the region are determined
from the law of conservation of energy.

The current in each stream tube is found at the ionizer (see sketch (c)) by a parallel-
plate approximation where the ''plates'’ are assumed separated by a distance ¢ and a
potential difference of A¢@. From Child's law, the space-charge-limited current density

Stream tube

(c)

is given as

6



jo=2e E_ﬁ'?/_z (9)
E”9Ym .2

In this calculation, either A¢@ or £ may be held constant for the various stream
tubes. And as in the trajectory calculation, the Laplace potential distributfion is used to
'obtain the initial A¢ and £ values.
Equation (9), if multiplied by the
stream-tube cross-sectional area,
gives the total current flowing in each
stream tube. With the stream-tube
current determined, the j(x,y) distri-
. bution is calculated as follows: Con-

,~~lonizer

\L_Subregion of sider a typical mesh point in the region
fluence x  of interest as shown in sketch (d). To
find the space-charge function f5
chargeable to the subregion associated with point 5, it is necessary to sum the current
contributions from each tube and divide by the subregion cross-sectional area (h X unit

(d)

depth) and the magnitude of the average ion velocity in the x-direction in each stream
tube. Thus, referring to sketch (d) gives

fs = a b + + (10)

where

Tpe = (jES>bc L (11)

cd' . cd'
J s=d |—)={Igps Rk
cd cd<0d> (E >cd<cd> J

and where (Tz ) , (1_7 > , and (V ) are the x-components of the average ion velocity
Xaw \ ¥pe Xed"

and ab, a'b, be, etc., are the stream-tube and/or line-segment designations, as shown
in sketch (d).



The current density of the subregion is calculated by dividing by the subregion cross-
sectional area taken normal to the X-direction; therefore, the x-components of the speeds
must be used in equation (10).

It is also converient in the axisymmetric problem to approximate the current density
The total current in each stream tube, however,
must now be calculated as Jy = jEzn?s,
where T is the average radius to the ionizer
line segment. For the space-charge-density
calculation, area ratios must be used rather
than the simple line-segment ratios employed
in the two-dimensional problem. For exam-
ple, consider the typical mesh point shown in
sketch (e). Here,

at the ionizer by using equation (9).

i
£ = be - bc (12)
° e(v) wrz—r2<V)
O\'Z/y.. €o"\Tp c/\'2/p.
where
R WO
ch_Jt 5 5 =]E27rrs 5 5 (13)
N I'a ™ Td
so that
2j.rs
= E (14)

To recapitulate, space-charge-limited solutions to equation (7) are obtained by an
iteration procedure in which the Laplace potential distribution is used to calculate initial
ion trajectories and to obtain initial estimates of the current flowing in the stream tubes.
The stream-tube current density at the ionizer is calculated from a Child‘'s law relation
for space-charge-limited-current flow. Values of the space-charge-~density distribution
are then determined and supplied in equation (7), which is solved to provide a new poten-
tial distribution. This completes one cycle. The new potential distribution then forms a
basis for recalculation of trajectories and current densities, and the process continues



until convergence is obtained. Details of the factors that affect the rate of convergence
are given in reference 1. In general, from five to seven cycles are required with a total
machine time of about 5 minutes.

Problems Less Than Space-Charge Limited

Previously, the current-density distribution of equation (8) was determined by first
applying equation (9) to each stream tube and then using equation (10) or (14). Each sub-
sequent iteration cycle of equation (7) produced a new potential distribution that is used
to calculate new values of the emitter current density jE‘

On the other hand, jE may be prescribed at some value, less than the space-charge
limited value, and held constant throughout the iterative procedure. This implies that
the current in each stream tube remains constant. The current-density-distribution and
velocity-distribution calculations required in equation (8) may then proceed in the same
manner as described.

COMPUTER PROGRAM

The main program, LINKO, is divided into three major core loads, as shown in fig-
ure 3; each core load consists of several subroutines. Core load 1 is for data input and
initialization. Core load 2 contains the subroutines used for calculation of the potential
distribution. The charged-particle trajectory coordinates and space-charge-density dis-

tributions are calculated in core

L”ilKO load 3.
MATRIX Common statement symbols
[ Core load 1 | [coretoadz 1| coretoads ‘j used in the program are defined in

[ ' appendix B, and a complete listing

1 ¥ Il
l
: CHN14 : : CHNI12 : I CHNI3 | of the program is given in appen-
| . . s
I x7caL I { || TRAJ | dix C. Brief descriptions of each
: | 1 CHIC ] ‘ |  of the core loads and subroutines
| mTT I : l CORRCT : along with schematic flow diagrams
| ec | ' | are presented in appendix D. An
| I mwour ! efo aRc TRCU ATRCU RTEST | P . PP .
| ocuess || | H | understanding of the input data prepa-
| : I TE?T } : CALR ACALR  TROUT : ration and output data listings is es-
l_ o _jLEQUNE o o _| sential to use the program, and
Figure 3. - Overlay chart of program. these topics will be discussed in de-

tail in the sections that follow.
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Figure 4. - Mode! for axisymmetric sample problem, Mesh spacing, 0.25 units; focuser and emitter potential, 1 kilovolt; accelerator potential,
-1.0 kilovolt; right boundary, 0 kilovolt; normal derivative, zero along skew boundary and upper and lower boundaries.

Input Data

In this section the quantities required for preparation of input data are described.
The explanation is based on the relatively simple model, shown in figure 4, that will be
used as a sample problem for results to be presented in the next section.

In the explanation that follows, various subroutines appearing in core load 1 (fig. 3)
that require input data are presented. Words are presented in the order in which they
appear in each subroutine. Mesh point and mesh column numbering should always be or-
dered as shown in figure 4. The card column locations for the sample input data will be
indicated in the input data listing.

It is important to note that, although the x,y or r,z coordinate orientation is as
shown in figure 4, the program works only with x,y coordinates. Thus, unless other-
wise noted in the following discussion, data input is always in terms of X,y coordinates.

Subroutine CHN14

NPIT. - If a first guess of the potential distribution is to be read in from subroutine
GUESS, set NPIT = 0. If the potential distribution is available from subroutine BCDUMP

(from prior computer run), set NPIT = 1.
NTP. - The absolute value of the maximum JT-type number plus 4 is given by NTP;

10



that is, NTP = (|aT__ | +4). The JT-type numbers are defined in the subsection sub-
routine XTCAL.

KAT. - This is a mesh column number and is used in connection with the test for cur-
rent impingement on the first electrode for which an impingement test is desired (e. g.,
the accel electrode in fig. 4, p. 10). Of the mesh columns passing through the electrode,
KAT is the minimum mesh column number where impingement can occur. If no impinge-
ment test is desired, set KAT = 0.

KATT. - Similar to KAT, KATT is the maximum mesh column number in the first
electrode for which an impingement test is desired. If no impingement test is desired,
set KATT = 0. '

NT. - The total number of mesh points is given by NT.

NTJ. - Trajectories are equally spaced along the emitter (a spacing equivalent to
1 mesh width is usually adequate), and NTJ is equal to the number of spaces.

NTA. - Number of pairs of x,y coordinates used to specify the emitter surface is
given by NTA. For the model shown in figure 4, only the beginning and the end pairs are
needed since the emitter is a straight line.

KAN. - KAN is a mesh point number % to 1% mesh widths away from the emitter sur-

face centrally located with respect to the emitter surface. The space-charge-density
function is checked for convergence at this point.

KBA. - KBA is a mesh point number such that if an equipotential line is taken through
this mesh point, the equipotential line will be no closer than 1 mesh width from the emit-
ter and no farther than 3 mesh widths. It may not be possible to satisfy these conditions
simultaneously for some configurations in which case the selection of KBA should be
based on the former condition. This equipotential line is used to calculate the emitter
current density.

KAB. - KAB is a mesh column number. It is chosen to be the farthest mesh column
to the right of the emitter required to establish a region in which the equipotential line
will be located that is used to calculate the emitter current density.

KAT1. - Similar to KAT, KAT1 is the smallest mesh column number in the second

electrode for the impingement test (if there is only one electrode as in fig. 4, or, if no
impingement test is desired on the second electrode, set KAT1 = 0).

KAT2. - Similar to KATT, KAT2 is the largest mesh column-number in the second
electrode for the impingement test (if there is only one electrode, or if no impingement
test is desired on the second electrode, set KAT2 = 0).

IAS. - For two-dimensional problems, set IAS = 0. For axisymmetric problems,
set IAS = 1.

NPL. - The number of mesh points per mesh column is given by NPL.

KBB. - To calculate space-charge-limited current density, set KBB = 0. To specify
the current density along the emitter set KBB = 1. At this point, five heading cards

11



(card columns 1 to 72) are read into the program and printed out at the beginning of the
data output listing. '

JAS(J). - The Laplace potential distribution leads to an overestimation of the space-
charge density and subsequently to a potential distribution that may be over-space-charge
limited (i. e., there are potentials at mesh points near the emitter that are higher than
the emitter potential). To check this condition, it is necessary only to examine a few
points near the emitter. Thus, JAS(1) is the number of mesh points to be checked and
JAS(2) to JAS[JAS(1) +1] are the mesh point numbers. A maximum of 19 points can be
checked with the present dimension of JAS. '

AW. - Atomic weight (amu) of charged particles under consideration is given by AW,
which is positive for positively charged particles and negative for negatively charged
particles.

VA. - The emitter potential in volts is given by VA.

H. - The mesh size H is a fraction of chosen unit of length. Results will be in terms
of whatever dimension is used for H.

VAT. - The potential of the maximum equipotential line to be printed out in volts is

given by VAT.
VBT. -~ The potential of the minimum equipotential line to be printed out in volts is

given by VBT.

SIZE. - This is the step size of equipotential lines to be printed out in volts. If
SIZE = 0, no equipotentials are printed out.

RCU(J). - Read in only when the current density is specified (KBB = 1) along the
emitter surface, that is, less-than-space-charge-limited problems. The current density
at the emitter of the Jth segment of the emitter is RCU(J). The segments are bounded by
charged-particle trajectories and are numbered consecutively, starting from 1, and in-
crease with increasing y (decreasing r). Note for example, that if H is given in milli-
meters, the RCU(J)'s must be specified as amperes per millimeter squared.

At this point, the data from subroutine XTCAL is read in.

ATX(J). - This is the x-coordinate of the Jth pair of x,y coordinates given to
specify the emitter surface.

ATY(J). - This is the y-coordinate of the Jth pair of x,y coordinates given to
specify the emitter surface. By convention, ATY(J) < ATY(J + 1) and usually these are
coordinates of y-mesh lines except possibly for the first and/or last values. It should be
emphasized that for axisymmetric problems it is the y-coordinate that is used (not the

r-coordinate).
ER(J). - A set of y-coordinates of the electrode edges are required to calculate im-

pingement on the electrodes. The largest y-coordinate of the first mesh column in the
first electrode is ER(1) (corresponds to mesh column KAT). Similarly, ER(2) to
ER(KATT - KAT + 1) are the largest y-coordinates for the remaining mesh columns in

12



the first electrode. Likewise ER(KATT - KAT +2) to ER(KAT2 + KATT +2 - KAT - KAT1)
are the y-coordinates for impingement on the second electrode, should there be a second
electrode.

The data from subroutine JTINT is read in after the ER's.

XR. - This is the spectral radius of iteration matrix and it is the absolute value of
the largest eigenvalue of the iteration matrix (see ref. 1). It is generated in subroutine
EVC and is printed as part of the data output. Its value depends only on the physical con-
figuration. Initially, a blank card is included to satisfy the read statement. For subse-
quent runs of the same configuration, XR is available from the data output.

Subroutine XTCAL

The finite-difference equation replacing Poisson's equation at the mesh point N has
the form

UN) = Cl(N)U(N + Jl) + CZ(N)U(N + Jz) + C3(N)U(N + J3) + C4(N)U(N + J4) + C5(N)RH(N)
(15)

where the UN +J,), i=1,. . ., 4, are potential values, the C;(N), i=1,...,5, are
coefficient weights, and RH(N) is the charge density at the Nth point. Subroutine XTCAL
calculates the coefficients in equation (15), CI(N)’ <y, C5(N), for the different mesh-
point configurations. Generally, the coefficients depend on the distance from the mesh
point to a boundary at a fixed potential and, in the axisymmetric case, on the radius as
well. For either the two-dimensional or axisymmetric problem, the data input has the
following format for each card:

KT(1), KT(2), KT(3), KT(4), XF1, XF2, XF3, XF4, R.

KT(1) to KT(4) are relative numbers that are added to the mesh point number. They are
the numbers J1, ey J4 in equation (15). XF1 to XF4 are the positive distances
from the central mesh point N to either the boundary at a fixed potential or the nearest
mesh point. The distance to the central mesh point from
—X the axis of symmetry in the axisymmetric case is R (no
N+ KT entry required in two-dimensional problems). These
:\I(Fl XF2 quantities are further illustrated in sketch (f).
More specifically, KT(1) is used to select the upper
vertical mesh point, and its value is usually equal to -1.
y N +KT(2) For example, from examining figure 4 (p. 10), it is seen
Gl that for all mesh-point configurations, except for the ones

N +KT(4) N + KT(3)
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along the upper boundary and the one associated with mesh point 24, KT(1) = -1. For
mesh point 24, it is necessary to use an entry for KT(1) that will select a mesh point at a
fixed potential (i.e., a mesh point located inside the accel electrode). Thus, KT(1) can
have the entry 3 which picks out point 27, or 7, which picks out point 31. The XFl's are
related to the KT(1)'s, and since they are zero for the upper boundary mesh configura-
tions, the values used for these KT's are not important. It is convenient to use -1. A
similar argument applies to other boundaries. The relative number used to select the
lower vertical mesh point to be used in equation (15) is KT(2), and examination of fig-
ure 4 reveals that KT(2) = 1 except for mesh point 23. At mesh point 23, KT(2) can either
be 4 or 8. The relative number picking out the horizontal point to the right is KT(3), and,
in general, it is merely equal to the number of points per column. In every case in fig-
ure 4, KT(3) is 5 except for mesh point 23. For mesh point 23, KT(3) can be either 4
or 8, since as before, it is only necessary to pick out some point in the accel electrode
so that the correct potential value will be used in equation (15). The relative number
picking out the horizontal point to the left is KT(4), and, in general, it is equal to minus
the number of points per column. In figure 4, KT(4) is seen to be -5 in every instance
except for point 28 in which case it can either be -1 or 3. It should be mentioned that
while the preceding remarks pertaining to mesh points 23 and 24 may make it appear as
if these two points are rather special, an important feature illustrating the flexibility of
the program has been demonstrated; that is, with this method of input data preparation,
electrodes may be !finfinitely thin, !'* the only requirement being that a mesh point at the
desired potential must exist somewhere in the array.

The distances XF1, . . ., XF4, are measured, respectively, in the upward vertical
(-y) direction, the right horizontal (+x) direction, the downward vertical (+y) direction,
and, the left horizontal (-x) direction (see sketch (f)). If any of the XF's equal zero, it
is assumed in the program that the normal derivative equal to zero is specified in the
corresponding direction, and the appropriate formula (refs. 1 and 2) is then used to cal-
culate the coefificients. When it is desired to have a skew boundary that has the normal
derivative equal to zero as the '*boundary condition, ' the pertinent boundary points
are described somewhat differently. Sketch (g) depicts a portion of the region from fig-
ure 4 that contains a skew boundary. Note in
sketch (g) that a normal to line AB from
point 11 intersects between points 7 and 12
at point X, which is at a distance DA from
point 12 and a distance DB from point 7.
Similarly, a normal to AB drawn from
point 16 intersects at Y, which is at a dis-
tance DA from point 17 and DB from point 12.
The normal derivative equal to zero
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(dU/dn = 0) implies that an equipotential line passing through points 11 or 16 would be at
right angles to the line AB and that if the potential at point 11, for example, were extrapo-
lated along the line 11 X, the potential at point X would be at the same value. The poten-
tial at point 11 is not known but the potential at point X can be found by interpolation be-
tween values at points 7 and 12. Values of potential at points 7 and 12 are available be-
cause they are ''interior points. '' Similarly, the potential at point 16 is the same as that
at point Y. Thus, using linear interpolation gives the potential at point 11 as

Ul = <_DA_>U(7) + <_‘2B——— )U(IZ) (17)
DA + DB DA + DB
and at point 16 as
U(16) = <—Dé— )U(lz) - <—D‘L—>U<17) (18)
DA + DB DA + DB

Recall that the general form of equation (15) is U(N) = Cl(N)U(N+J1) + Cz(N)U(N+ Jo)
+ o+ C5(N)RH(N). The Ci(N), in general, are calculated from the finite-difference
equations (by using the XF distances), but it is a desirable feature to be able to enter
certain Ci(N) coefficients (e.g., those associated with eqs. (17) and (18)) directly into
the computer. This feature is accomplished by setting XF1 = —Cl(N), XF2 = CZ(N)’
XF3 = C3(N), XF4 = C4(N), and R = C5(N). The KT's of this card can then be assigned
relative numbers to associate the coefficients with the corresponding mesh points, that
is, for these special cards, KT(1) is associated with XF1, KT(2) with XF2, etc. Refer-
ring to equations (17) and (18) shows that the entries for the mesh configuration of mesh
points 11 and 16 would then have the form -4, 1, 0, 0, -(lT%__ <D_P—B__ , 0,0, 0.

A + DB/ \DA + DB
Note that mesh points 12 and 17 are considered as regular points since the distances XF1

to XF4 are only different from a mesh spacing when measured to a boundary where the
potential is held constant or in the special cases just described.

It will become evident in proceeding from mesh point to mesh point that duplication
of all nine entries on each card can occur. To eliminate this duplication, all similar
mesh points are assigned a JT-type number of the form +(5n + 4), n=1, 2,.- . ., (see
fig. 4, p. 10). In this manner, a large number of mesh points can be represented by one
data card. The method used to get the JT-type numbers into the program as data is de-
scribed in the subroutine JTINT section.

As is shown in figure 4, the assignment of actual JT-type numbers is arbitrary as
far as correlation with mesh point numbers. However, in correlating XTCAL data cards,
the approach is to associate the first data card for XTCAL with mesh points of type +9,
the next, type +14, etc. No XTCAL data cards are required for mesh points held at a
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fixed potential, although these points are also assigned JT-type numbers. The numbers
0 to 6 are reserved for these points. All points associated with the focus electrode may
be assigned the JT-type number 0; all accel electrode points, type number 1; and so on
to a maximum of type number 6. These mesh points will then have the potential values
as prescribed in subroutine GUESS.

The JT-type numbers are of the form +(5n + 4) because there are exactly five coeffi-
cients (eq. (15)) necessary for each mesh-point configuration. The sign designation,
plus or minus, is used to describe the central mesh points further. A positive type num-
ber is used to designate mesh points whose coefficients Ci(N + Ji) are calculated from
the finite-difference equations. A negative type number is used to indicate those points
that are free to change in value but have coefficients calculated from linear interpolation.
Examples of this type of point are shown in figure 4 (p. 10), that is, points 11, 16, 21,
22, and 26. As previously discussed, they arise because of the skew boundary that has
the boundary condition of normal derivative equal to zero specified. It is not necessary
to make consecutive duplicate data cards: only one card per different mesh-point configu-
ration is required. Also, no card is required for mesh points held at a fixed potential.

Subroutine JTINT

Once a JT-type number is assigned to each mesh point, the computer generates the

matrix equation
IU=CU +K (16)

where, if M denotes the number of mesh points, I is the M X M identity matrix, C is
the M X M matrix having entries in each row C; (N), CZ(N)’ C3(N), and C4(N); K is the
1 X M column vector with entries C5(N)RH(N), and U isthe 1 X M column vector of
potentials. If the C matrix contained M X M nonzero entries, it would be prohibitive to
store C in core, but C contains only four entries in each row (see eq. (15)) so that the
C matrix can be specified by at most 4M numbers.

To enter the JT-type numbers into the program as data, they must be punched on
cards. While it is possible to write out the JT-type numbers, one for each mesh point,
punch them on cards, and read them into the JT-array, this method is inefficient for
large M. A more general method is used.
is the number of cards that contain data for the JT array. The JT cards all have the
same format, that is, KA; KB(1) to KB(13). For the axisymmetric geometry, KA is
always equal to 1; the two-dimensional variation of KA will be discussed later. The
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number of consecutive mesh points to be assigned the JT-type number in KB(2g) is
KB(2g -1), g=1,- - -, 6.

The convention for setting up the KB array for an axisymmetric problem is to start
at mesh point number 1 and count the number of consecutive mesh points in the first row
(not column) that have the same JT-type number. Looking at the first row in figure 4
shows that this number, KB(1l), is 2 since points 1 and 6 are boundary points at a fixed
potential. Thus, the entry of KB(1) is 2, and KB(2) has the entry that is the JT-type num-
ber assigned to mesh points that are held at the focuser potential. Then KB(3) is seen to
be 4, and KB(4) is the JT-type number assigned to these mesh points; KB(5) is 2, and
KB(6) is the JT-type number assigned to these mesh points; KB(7) is 3, and KB(8) is the
JT-type number associated with points 41, 46, and 51; KB(9) is 1, and KB(10) is the
JT-type number associated with point 56. This completes the specification of the points
of row 1; however, note that KB(11) and KB(12) have not yet been assigned. The specifi-
cations for row 2 may begin in KB(11) and KB(12), or they may be left blank and row 2
specifications begun on the next card with KB(1) and KB(2). The procedure is continued
until all mesh points have been covered. Recall that the number of cards generated in
this process is JA.

For an axisymmetric problem (IAS = 1), it is also necessary to supply a final card
giving the distance from the axis of symmetry of the model to the top of the region. This
number is denoted in the program by BASE.

For two-dimensional problems, the process is similar except that it starts at mesh
., 12,
then down the second column, etc. The reason for going down the columns in two-

point 1 and goes down the first column in assigning values to KB(K), K=1, . .

dimensional problems is that it is frequently possible to repeat the KB specifications of
a card several times.

Rather than punching the same card over and over again, the number of repetitions
desired may be specified by KA. Note that utilization of this feature is not possible for
axisymmetric problems wherein the coefficients Ci of equation (15) vary with respect to
radius. Thus, if a columnwise procedure were used, each mesh point would require in-
dividual specification. JT-type number assignments for a two-dimensional problem are
shown in figure 5.

Subroutine GUESS

Subroutine GUESS is used to '"initialize'' the potential field. Data are read in only
if NPIT = 0.

GEP(J). - As discussed in the data input section for subroutine XTCAL, boundary
points that are held at a specified potential are assigned JT-type numbers from 0 to 6.
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Figure 5, - Mesh points and JT-type numbers for two-dimensional sample problem,

Mesh points designated as type 0 are assigned the value of GEP(1), those of type 1 the
value of GEP(2), etc. All other mesh points are initially given the value zero.

SAMPLE PROBLEMS

In the previous section, the input data words were presented and described. In this
section a sample problem based on the axisymmetric model shown in figure 4 will be de-
scribed; that is, numerical values will be assigned to the input data words, and results
will be given. Machine listings of the input and output are presented in appendix E.

The mesh size shown in figure 4 is far too coarse to be used for meaningful analysis
in the physical sense; however, for purposes of illustration of data preparation it is ap-
propriate. As a result of the coarse mesh, the accelerator tip (shown as the shaded re-
gion in fig. 4, p. 10) extends into a mesh square and is not accounted for in impingement
calculations. It will be assumed first that the model represents an electrostatic thrustor,
which uses cesium as a propellant, and that the current density will be specified along
the emitter. Voltages and distances will be as shown in figure 4. A set of input and out-
put data for the same model treated as a space-charge-limited two-dimensional problem
is also included in appendix E.

Input Data Preparation
The numerical values of the input quantities are given next. The data are presented
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in the order in which they are read in by the program (i. e., the order in which they ap-

pear in appendix E).
Subroutine CHN14. -

NPIT 0
NTP 78
KAT 4
KATT 6
NT 60
NTJ 4
NTA 2
KAN 9
KBA 10
KAB 2
KAT1 0
KAT2 0
IAS 1
NPL 5
KBB 1

A first guess of the potential distribution will be read in from sub-
routine GUESS.

(I JTmaX|+4). The numerical value of NTP cannot be assigned
until after the JT-type numbers have been determined (see
fig. 4, p. 10).

The first column for impingement test

The last column through the accel electrode for which an impinge-
ment test is desired

Total number of mesh points
Number of spaces between trajectories

Because the emitter is a straight vertical line, only two pairs of
coordinates are required to specify it.

Mesh point for convergence check

Mesh point locating equipotential for current density calculation
Mesh column locating region for KBA equipotential

No second electrode for impingement

No second electrode for impingement

Designates axisymmetric problem

Number of mesh points per column

Current density will be specified.

At this point, five heading cards are read.

JAS(1) 3
JAS(2) 8
JAS(3) 9
JAS(4) 10
JAS(5)

to 0
JAS(20)

Number of mesh points to check for over space charge
Mesh point to check for over space charge
Mesh point to check for over space charge

Mesh point to check for over space charge

Only three mesh points are checked for over space charge limited
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Refer to appendix E and note that two cards are required to satisfy the READ statement
for the JAS-array:

AW 132.91 amu

VA 1000. v

H 0.25 arbitrary units
VAT 1000. \'

VBT ~1000. v

SIZE 200. \'

RCUQ) 1.0 E-4  A/unit?
RCU(2) 1.0 E-4  A/unit?
RCU(3) 1.0 E-4  A/unit®
RCU(4) 1.0 E-4  A/unit?

As previously discussed in assigning JT-type numbers, the manner in which they are
associated with the mesh points is arbitrary, the only requirement being that mesh points
B 7 which are similar must be assigned the same type number. In
JT-type number | Mesh points|  {ahle I the JT-type numbers and associated mesh points are
1to 6 indicated. The JT-type numbers and associated mesh points
27,31, 36 for which data are not necessary are given in the table at the
2 _ 56 to 60 left. For reference, the JT-type numbers may be punched on

TABLE I. - XTCAL DATA CARDS

Data JT-type Reference mesh points
number (from fig. 4, p. 10)
KT(1)1(2)|(3) (4| XF1 |[XF2 | XF3 |XF4 | R

-1 1]15}-5[0.00 .25 .25 .25(1.00 9 |41,46,51
-1 115]|-5].25 .25 .25 .25| .75 14 (12,17,37, 42, 47, 52
-1 1|5]|-5| .25 .25 | .25 .256( .5 19 [13,18,33, 38,43,48, 53
-1 1[5 |-5(.25 .25 .25 .25 .25 24 |14,19,29, 34, 39,44,49,54
-1 1|5 ]|-5| .25 .25 [0.00 .2570.00 29 115,20, 25, 30, 35, 40, 45, 50, 55
-1 1|5 (-5 .25 .25 .25 .20 .5 34 |8
-1 1/5]|-5| .25 .25 .25 .20 .25 39 9
-1 1[5 (-5{.25 .25 |0.00 .20]0.00 44 |10
-1 414 [-5] .25 .025( .050| .25 .5 49 123

3 1|5 (-5 .125 .25 .25 .25] .25 54 |24
-1 1]|5|-1] .0834 (.25 | .25 .10 .5 59 (28
-1 15 ({-5| .042 |.25 .25 .05| .75 64 |32
-4 |1]5(-5(-.50 .50 [0.00 |0.00(0.00| -69 |[11,16,21,22,26
-1 15 (-5{.165 |.25 | .25 .08| .75 74 |7
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the XTCAL data cards in card columns 73 to 80.
Subroutine CHN14 data (cont.). -

ATX(1), ATX(2) .05,.05 X-emitter coordinates
ATY(1), ATY(2) .50,1.0 y-emitter coordinates
ER(1), - - -, ER(3) .625,.400,.23 impingement coordinates

The data for subroutine JTINT are to be included at this point. Since the sample
problem is being considered as an axisymmetric configuration, it will be recalled from
the previous section that the ordering of the KB numbers will be from left to right, that
is, along rows.

JA 7 This value cannot be assigned until the
following JT cards (table II) have been
established.

TABLE II. - JT DATA CARDS

KA KB
M@ | @ @G| ®[M] @) |9 10)| A1) 12)
1 12| 0|4|-69|2| 13| 9|1 2
1|1 01| 1742 |14(1(-69(1 1)1 64
1 (4 (14]1 2
1|1 0| 1342|191 49/1|59]| 5 19
11 2
1|1 0} 1| 39]|2|24(1( 54624 1 2
1 |1} o0]|1}44 29 1| 2
BASE 1.0 BASE is read in only if IAS = 1, that is,

for axisymmetric problems.

Subroutine CHN14 data (cont.). -

XR -——- No value for the spectral radius is available,
but a blank card is necessary here.
Subroutine GUESS data. -

GEP(1) 1000. \'s
GEP(2) -1000. s
GEP(3) 0. s

The preceding values represent the potential values assigned, respectively, to the
emitter and focuser, the accel electrode, and the straight boundary at the far right of the
region. The values are associated with JT-type numbers 0, 1, and 2. After the Laplace
potential distribution is determined, it is punched on cards as part of the output of the
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Figure 6. - Axisymmetric model. Focuser and emitter potential, 1 kilovolt; accelerator potential, -1 kilovolt; emitter cur-
rent density specified at 12, 7 milliamperes per square centimeter; percent impingement current at accelerator, 27.

program,. If it is desired to run the problem again with the Laplace potential as the ini-
tial distribution, these cards should be included at this point, rather than data for sub-
routine GUESS, and NPIT set equal to 1.

Output Data Interpretation

A listing of the output data for the sample problem is given in appendix E, and re-
sults are plotted in figure 6. The listing begins with the five heading cards. The next
portion of the data consists of the KT and XT from subroutine XTCAL. The XT
are the coefficients of equation (15) that were calculated from the XF. Following the
KT, XT printout is the number of iterations required to converge on the spectral radius
XR and its value. The Laplace potential field convergence information and mesh point
numbers along with their corresponding potential values are listed next, followed by the
listing of the X,y coordinates of various Laplace equipotentials.

The quantities given next are self-explanatory. It should be noted that the trajecto-
ries listed at this point are calculated from the Laplace potential distribution. Conver-
gence information is then given relative to the Poisson solution, where RHLOW, RHUP,
and RH refer to the space-charge-density function at a predetermined *'test'* mesh point,
KAN. The RH values at the various mesh points are the space-charge-density values
multiplied by H2/4, where H is the mesh spacing. Cycles 1, 2, 3,- - -, n refer to
successive iteration cycles, as described in reference 1. Finally, the converged Poisson
solution is listed.
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CONCLUDING REMARKS

The purpose of this report has been to describe in detail a computer program capable
of solving a wide variety of space-charge-flow problems. The approach taken has been
one in which emphasis has not been on the mathematical relations or physical interpreta-
tion, but rather to cover all aspects of input data preparation and output data interpreta-
tion. Toward this end, input words were fully defined and flow diagrams presented.
Sample problems were then used to explain the program further.

Lewis Research Center,

National Aeronautics and Space Administration,
Cleveland, Ohio, November 18, 1965.
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APPENDIX A

MATHEMATICAL SYMBOLS

[The units used are the International System or SI.]

matrix of eq. (7)

space-charge-density distribution

function for discrete case
mesh spacing
current
current density
column vector of eq. (7)

distance, defined in eq. (9) and
sketch (c)

particle mass
unit charge
variable

average radius to ionizer line
segment

length of line segment

ion speed

w potential distribution function for
discrete case

column vector of eq. (7)

|

X,¥,Z variables

0,¢€ fraction of mesh spacing (see
sketch (a))

€ permittivity of free space
p space-charge-density distribution
function for continuous case

[0 potential distribution function for
continuous case

Subscripts:

A accelerator
E ionizer

t stream tube
X,z direction



AREM
ATX(J)
ATY(J)

AY(J)
BASE
Cu(@)
CUD()
DC
DCC
DELY
DX
EPS
ER(J)
ETX(J)
ETY(J)
H

IAS
JAS()
JD
JOT
JT(J)
KAB
KABB

KAT

APPENDIX B

COMMON STATEMENT SYMBOLS

arc distance between trajectories at emitter surface
problem specification (see data input discussion)
problem specification (see data input discussion)

x- coordinate of trajectories as they are calculated
y- coordinates of trajectories

see data input discussion

currents for stream tubes

current densities at emitter surface

distance used to sum tube currents

distance used to sum tube currents

mesh size in y-direction

mesh size in x-direction

convergence criterion for potential field

see data input discussion

beginning x-coordinates of trajectories at emitter surface
beginning y-coordinates of trajectories at emitter surface
mesh size

see data input discussion

see data input discussion

intermediate storage

printout counter for trajectory coordinates

vector of type numbers

see data input discussion

see data input discussion

problem specification (see data input discussion)

program control word (see data input discussion)
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KATT
KAT1
KAT2

KB(J)

KCH(J)
KRL
KT(J)
LAST
LB(J)
LC()
MO
NAJ
NPIT
NRD
NRL
NT
NTJ
NURL
NXEP
PTX(J)

PTY(J)
RCU(J)

RH(J)

26

program control word (see data input discussion)
see data input discussion
see data input discussion

used in subroutine JTINT as problem specification (see data input discussion)

and then as cycle print control
see data input discussion
see data input discussion
indicates whether or not emitter surface extends to top boundary of region
trajectory reflection counter
cycle counter
problem specification (see data input discussion)
indicates whether or not emitter surface extends to lower boundary of region
internal control parameters
internal control parameters
indicates upper or lower bound test for RH
number of tubes
program control word (see data input discussion)
printout counter for trajectory coordinates
maximum number of cycles to converge to Poisson solution
total number of mesh points
number of trajectories
number of iterations on potential distribution
mesh point number where maximum potential change. is occurring

x-coordinates of equipotential line used to calculate current density at emitter
surface

y-coordinates of equipotential line used to calculate current density at emitter
surface

see data input discussion

present space-charge-density function is stored in RH array except in sub-
routine EVC where an intermediate iterate on spectral radius is stored



RHDOWN
RHUP

SAU(J)
SEM
SIZE
U(J)

UB(J)

URH(J)
VA
VAT
VBT
VX(J)

VY(J)

XD
XEP
XK
XMP(J)
XQM
XR

XT(J)
YEP

lower bound on RH

upper bound on RH

width of region

suppression factor for RH

current at emitter surface

total emitter length

problem specification (see data input discussion)

present potential field is stored in U array except in subroutine EVC where
an intermediate iterate on spectral radius is stored

potential field one cycle back is stored in UB array except in subroutine
EVC where an intermediate iterate on spectral radius is stored

space-charge-density function one cycle back is stored in URH array
emitter potential

problem specification (see data input discussion)

problem specification (see data input discussion)

x-velocity components of trajectories except in subroutine EQLINE where
x-coordinates of equipotential lines are stored

y-velocity components of trajectories except in subroutine EQLINE where
y-coordinates of equipotential lines are stored

intermediate storage

storage for maximum potential change from iteration to iteration
intermediate storage

error factor

charge-to-mass ratio

problem specification (see data input discussion)

coefficients in eq. (15)

permittivity of free space
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APPENDIX C

FORTRAN LISTING

LINKO IS USED AS THE MAIN PROGRAM
COMMON AREM, ATX(51),ATY(51), AX, AY{

OCy DCC, DELY, DX, EPSy ER{40), ETX(51),ETY(51},H,IAS,JAS(20),4D

51), BASE, CU(51}, CUD{(51),

+J0T, JT13000), KAB, KABB, KAN, KAT, KATT, KATL, KATZ2, KB(13},
KBA, KBBs KBF, KCH{51)s KRL, KT{1850), LAST, LB(2), LCI(3),

NAJ, NPIT, NRDy NRL, NT, NTJ, NURL,
RCU(512y RH{3000), RHDOWN, RHUP, RI
SIZE, U(3000), UB{3000), LRH{3000},
VY{51)s XDy XEPs XKy XMP, XQM, XR,

NXEP, PTX(99), PTY{99},
Ns RX, SAU(51), SEM,

VA, VAT, VBT, VX{51},
XT{1850}) ,YEP

INITIALIZE COMMON AREA TO ZERO (19638 IS THE PRESENT LENGTH )

CIMENSION AREMI1)

DO 7 J=1,15¢€38

AREM(J)=C.C

TRANSFER 7O DATA INPUT SUBROUTINE
CALL CHN14

CHN12 CALCULATES THE POTENTIAL FIELD
CALL CHNI12

CHN13 CALCULATES TRAJECTORIES AND RHS
CALL CHN13

SWITCH TO RESTART FOR NEXT DATA CASE
IF{NURL) 142,2
END

¥O,
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SUBROUTINE MATRIX(NyBsX)
COMMON AREM, ATX[51),ATY(51), AX, AY(51), BASE, CU(51}, CUD(51),

DCy DCCy DELY, DXy EPS, ER(40)» ETX{51),ETY{51),H,1AS,JAS(20),JD

+JOT, JT(3000), KAB,+ KABB, KAN, KAT, KATY, KATl, KATZ, KB(13),
KBA, KBB, KBF, KCH{51), KRL, KT{1850), LAST, LB(2}, LC{(3), MO,
NAJy NPIT, NRDy NRL, NT, NTJ, NURL, NXEP, PTX{99), PTY(99),
RCU{51), RH(3000), RHDOWN, RHUP, RIN,s RX, SAU{51}), SEM,
SI1ZE, U(3000), UB{3000), LRH{3000),VA, VAT, VBT, VX{(51),
VY(51)s XDy XEP, XKy XMP, XQM, XR, XT(1850),YEP
DIMENSION B(300),X(100)
M=3%N=-2
B{M+1)=0.0
B(2)=8(2)/811)
X{1)=x(13/8(11}
IF(N-1) 12,12,9
K=2
DO 10 J=‘|'M'3
BlJi=B(JI)-B(J-1)*B(J-2)
BlJ+1)=B(J+1)/B1(J)
X{K)={X{K}-BlJ—-1I*¥X{K-1))/BLJ)

K=K+1
K=K-1

DO 11 J=1+M,3

NB=M—J—-1

K=K=-1

X{K)=X{K)-BINB }*xX{K+1)
RETURN
END

29
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SUBROUTINE CHN14

CHN14 IS FOR DATA INPUT

COMMON AREM, ATX{51)}),ATY(51), AX, AY{(51), BASE, CU(51), CUDI(5L),
bC, DCC, DELY, DX, EPSy ER{40)}, ETX(51),ETY{(51),H,I1AS,JAS{20),4D
»J0OT, JT{3000), KAB, KABBs KAN, KAT, KATT, KATL, KATZ2, KB(13),
KBA, KBBs KBFy KCH{51)y KRUL, KT{1850), LAST, LB(2}, LC(3), MO,
NAJy NPIT, NRDs NRLs NTo NTJ, NURL, NXEP, PTX(99), PTY(99),
RCU{51)+ RH13000), RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SiZE, U(3000), UB{3000), LRH(3000},VA, VAT, VBT, VXI51),
VY{51)s XDs XEP, XKs+ XMP, XQM, XR, XT(18501),YEP

READ(5,10C) NPIT NTPyKATKATT NT,NTJ,NTA,KAN,KBA,KAB,KATL,KAT2, [AS

~Nowmbdwrn e~

READIS5, 100JINPL,KBSB
NTJ=NTJ-1
NPIT=NEGATIVEs THE PROGRAM STOPS
NPIT=0,FIRST GUESS FOR POTENTIAL FIELD IS READ IN FROM GUESS
NPIT=+, POTENTIAL FIELD IS READ IN FROM BCREAC
NTP=MAXIMUM JT TYPE NUMBER #4
KAT=FIRST LINE IN FIRST GRID FOR IMPINGEMENT TEST
KATT=LAST LINE IN FIRST GRID FOR IMPINGEMENT TEST
NT=TOTAL NUMBER OFf PUINTS
NTJ=NUMBER OF TRAJECTORIES
NTA=NUMBER OF INPUT COORDINATES FOR EMITTER
KAN=TEST PUINT FOR RHS
KBA=TEST POINT FfOR EQUIPOTENTIAL
KAB=NUMBER OF LINES TO TRAVERSE TO OBTAIN EQUIPOTENTIAL LINE FOR CU
CALCULATION
KAT1=FIRST LINE IN SECOND GRID FOR IMPINGEMENT TEST
KAT2=LAST LINE IN SECOND GRID FOR IMPINGEMENT TEST
IAS=0 FOR 2-D, [1AS=1 fFOR 3-D
NPL=NUMBER OF POINTS PER LINE
KB8B=0,— CURRENT DENSITY IS SPACE CHARGE LIMITED
KBB=+ CURRENT DENSITIES ARE SPECIFIED TUBEWISE BY RCU READ
NRL=MAX NUMBER OF CYCLES TU CONVERGE ON PCOISSCN SOLUTION
NRL=5
KRL = NRL
KBF=UPPER SYMMETRY SWITCH
KBF=1
RRUP= UPPER BOUND ON RH
RHUP=0.0
RHOCWN= LOWER BOUND ON RH
RHDOWN=0,0
KBH=READ CCNTROL FOR ER
KBH=KATT-KAT+1
IF(KATZ2)1641€417
1 KBH=KBH+KAT2-KAT1+1
PRINT CONTROL FOR LAPLACE TRAJ
JOT=200
PRINT CONTRCL FOR PCOISSON TRAJ
NRD=200
DO 1 J=1,5
READ IN READING CARDS
REAT (5,101)
WRITE (6,101)
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KABB=NTA-1
LB{li=0
LB(2)=0
LCI1}=NT/NPL-1
LC(2)=NPL+1
LC(3)=NPL
JAS IS A VECTOR WHICH DETERMINES TEST POINTS TO BE CHECKED AGAINST
EMITTER POTENTIAL
JAS{1)=NUMBER OF POINTS TO BE CHECKED AGAINST EMITTER PUTENTIAL
JAS(2-1{JAS(1)+1))=MESH POINT NUMBERS TO BE CHECKED
REAC (5,100)(JAS(J).J=1,20)
YEP=PERMITTIVEITY OF FREE SPACE
YEP=8.854E-12
RX=RHS SUPRESSION FACTCR
EPS=.1
LAST=LOWER SYMMETRY TEST
LAST=0
REAC (5,1C3) AW,VA,H
AW = ATOMIC WwEIGHT OF ION
VA=EMITTER POTENTIAL
H=MESH SIZE
XQM=G,€4SE7
XQM=CHARGE TO MASS RATIU OF IONS
XCM=XQM/AW

CC AND DCC ARE USED ONLY TO SUM THE CURRENT AT THE APPROPRIATE STEP
CC=DISTANCE FROM O TO RIGHT HAND SIDE OF ACCEL ELECTRODE
£LCC EQUALS CISTANCE BETWEEN ACCEL AND DECEL ELECTRODES
DC=FLOAT(KATT)*H
DCC=FLOAT(KAT2-KATT) *H
IF(KATZ.EQ.O0) DCC=0C.
REAL(5,103) VAT,vBT,SIZE
VAT = LARGEST POVTENTIAL IN EQUIPOTENTIAL PRINTOUT
V8T = SMALLEST POTENTENTIAL IN EQUIPOTENTIAL PRINTOUT
SIZE = STEPSIZE FOR EQUIPOTENTIAL PRINTOUT
XC=NPL~-1
RIN = WILCTH OF REGIUN
RIN=XC*H
MO = 1
IF(KBBJ 35,35,36
36 NN=NTJ+1
RCU=VALUES 1F FIXED CURRENT DENSITY

READ (54102)(RCU(J)yJ=1,NN)
5 CALL XTCALINTP)
ATX=X-CUOORDINATES OF EMITTER

READ (5,103) (ATX(J),J=1,NTA)

ATY=Y-COORCINATES OF EMITTER

READ 15,1030 (ATY(J)+J=1,NTA)
ER=TEST POINTS FUR IMPINGEMENT

IF{KAT.EQ.0) GU TO 4G

READ (5+4103)(ER(J) +J=1,KBH)

CHECK UPPER SYMMETRY
40 IFLATY(1)) 24243
2 KBF=—-KBF
CHECK LOWER SYMMETRY
3 IFCABS{ATY(NTA)-RIN)-1.E-05%H) 30,430,437

31



37 LAST=-1

30 DO 4 J=1 +NT

4 JTHJd) =0

c JTINT SETS UP JT-ARRAY
34 CALL JTINT{NTP)

C XR = SPECTRAL RADIUS

12 READ {5,103) XR

C CONDITIGNAL EIGENVALUE CALCULATION
IF{{XR*¥(XR~1e3).LT.0. ) GO TO 19

13 CALL EVC
C CONDITIUNAL EXIT
19 IF (NPIT) 25,144,427
C CUESS INITIALIZES THE POTENTIAL FIELD
14 CALL GUESS
GO TC 18
27 CALL BCREADIU(1),U{NT))
18 XM=LC{(3}
XN=LC(1)

c XMP=ERROR FACTOR RELATING MESH SIZE
XMP=o5%{ XN XM)%%2/{ XN& XN+ XM%XM)

C NURL=NUMBER OF ITERATIONS ON POISSON SOLUTION
NURL=3C0

C KB IS NOW PRINT CONTROL FOR POTENTIAL AND RHS
KB(1)=1
DO 15 J=2,13

15 KB(J =0

DO 22 J=1.NT
us(Jdi=utdi
RH(J)=0.0
IFLIABSIJT{J}) .LE.B) JT(J)=C
IF{JT(J)331,22,22

31 IF(LB{1)) 21,21,29

21 Lsf{li=J

29 LtBlz2l=J

22 CONTINUE
WRITE{6,104)
RETURN
25 CALL EXIT
100 FORMAT(141I5)
101 FORMAT(72H
1
102 FORMAT{7E10.5)
103 FORMAT{7F10.5)
104 FORMAT{ 1HO+47Xy17H LAPLACE SOLUTION )
END
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C XTCAL CALCULATES COEFF FOR FINITE DIFFERENCE EQN
SUBROUTINE XTCAL{N)
COMMON AREM, ATX(51),ATY{(51), AX, AY(51), BASE, CU(51), CUD(51),
1 DC, DCC, DELY, DX, EPS, ER{40)y ETX(51),ETY(51),HIAS,JAS(20),JD
2 +40T7T, JT{3000), KAB, KABB, KAN, KAT, KATT, KAT1l, KATZ2, KB(13),
3 KBA, KBB, KBF, KCH{51}, KRL, KT(1850}), LAST, LB(2), LC(3), MO,
4 NAJy, NPIT, NRDy NRL,y, NT, NTJ, NURL, NXEP, PTX(99), PTY{(99),
5 RCUL513), RH{3000)y RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
6 SIZE, U(3000), UB{3000}, LRH{3000),vA, VAT, VBT, VXI(51),
7 VY{(51), XDy XEP, XK, XMP, XQM, XR,y XT{1850),YEP
XF1=CISTANCE UP (-Y DIRECTION)
XF1=0 IMPLIES NURMAL DERIVATIVE=0 IN UP DIRECTION
XF1 LESS THAN ZERO IMPLIES THAT THE XFS ARE LOADED INTO THE XT
SLOTS DIRECTLY AFTER THE SIGN IS CHANGED ON XF1
XF2=CISTANCE RIGHT {+X DIRECTION)
XF2=0 IMPLIES NUR DERIV=0 IN +X DIRECTION
XF3=0DISTANCE DOWN {(+Y DIRECTION)
XF3=0 IMPLIES NORMAL DERIVATIVE=0 IN DOWN DIRECTION
XF4=DISTANCE LEFT {—X DIRECTION)
XF4=0 IMPLIES NOR DERIV=0 IN —-X DIRECTION
R=RADIUS FOR AXISYMMETRIC
XT{J)=COEFF UP
XT{J+1)=COEFF DOWN
XT{J+2)=COEFF RIGHT
XT{J+3)=COEFF LEFT
XT{J+4)=COEFF RHS
KT{J) IS RELATIVE NUMBER FOR XT{J)
KT{J+1) IS THE RELATIVE NUMBER FOR XT{J+1)
KT(J+2) IS THE RELATIVE NUMBER FOR XT(J+2)
KT{J+3) IS ThHE RELATIVE NUMBER FOR XT{J+3)
WRITE(64102)
IF{IAS) 1,142
C 2-0 CALCULATION
1 DO 10 J=GiNs5
ISW=0
KEL=0
K=J+3
L=K+1
JNUM=J
READIS+100)(KT{I)sI=JsK) s XFLyXF2Z4XF3,XF4, R

[aNalalaNoNalelolaNelalslaNaNaNelaNaReN g

IF(XF1) 14,15,15
C STORE COEFF DIRECTLY
14 XT{lJ)=—-XF1l
XT(J+1)=XF2
XT{J+2)=XF3
XT{J+3)=XF &
XT{J+4)=R
JNUM=—JNUM
GO TO 10
15 XFl=XF1/H
XF2=XF2/H
XF3=XF3/H
XF4=XF4/H
C CHECK FOR NUR DERIV=0 IN VERTICAL DIRECTION



IF{XF14XF3-1.) 16416,17

16 IF{XF1) 18,1E&y156S
18 XFi=1l.
ISk=1
GO 70 17
19 XF3=1.
ISW=-1
17 XF5=XF1+XF3

C CHECK FOR NOR DERIV=C IN HORIZONTAL DIRECTION
IF{{XF24¢XF4).6T.1.) GO TO 23
{F{XF2.EQ.0.) GO TO 24
XF4=1.

KEL=-1
GO 1O 23

24 XF2=1.
KEL=1

23 XF6=XF2+XF 4
XF7=XF1%XF3+XF2*XF4
XT{J)=XF2& XF3&XF 4/ (XF5%XFT)
XT{J+1)=XF1*XF2%XF4/{XF5%XF 1)
XT(J+2)=XFLleXF3&XF&/{ XF6*XFT)
XT{J+3)=XF1xXF2XXF3/{XF6*XFT)
XT{J+4)=XF1*XF2¥XF3%XFa4%*.5/XF7
IF(ISW) 20425421

21 XT{J+1)=XT(J+1)+XT{J)
XT{J)=0.
GO TG 25

20 XTUJ)=XT(JI+1)+XTLJ)
XT{J+1)=0.

25 IF{KEL) 2£+410427

26 XT{J+2)=XT{J42)+XT{J+3)
XT{Jy+3)=0s

GO TO 1o

217 XTIJ#3)=XT{J+3)+XT(J+2)
XT(J+2)=0.

10 WRITE(6 1030 IKTLL) 9I=U,K) o {XT(1)sI=J,L) +JNUM

12 RETURN

C AXISYM CALCULATIGN

2 BO 11 J=G4yN,5

K=J+3

JNUM=J
L=K+1
KEL=0
READ(S+1CO)M(KT{I)yI=J4K) s XFL14XF2,XF3,XF4,y R

IFIXF1) 7,9,5

S XF1=XF1/H
XFZ=XFZ/H
XF3=XF3/H
XF4=XF4/H
XFS5=XF1+XF3

C NGRMAL DERIVATIVE CHECK
IF({XF2+XF4).6T.1.) GO TO 28
IF{XF2.EQ.0.) GO TO 26
XFa=1,

34
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30
31

32

KEL=-1

GO TO 24
XF2=1.

KEL=1
XF6=XF2+XF 4
HR=.5%R
hH=.5%H
FE=.125%H
IFIR) 3.32,13

NORMAL DERIVATIVE CHECK

IFIXFL14XF3-1,) 444,22

XFT=XF1%XF2* XF3*XF4

XFB8=HR¥( XF2* XF4 +XF1%*XF3) /XFT+HE*{ XF1~-XF3)/ {XF2%XF4)
XF8=XFB8*XF5%XF6
XT{JI=(R/XF1L4HH) ¥ (. S¥XF&/XF8)
XT{J+1)={(R/XF3-HH)*{.5%XF6/XF8)
XT{J+2)=(HRHE*{ XF1-XF3) ) *XF5/ I XF2*XF8)
XT{J+3)=(HR4HE*( XF1-XF3)})*XF5/ (XF4*XF8)
XT{J+4)=,25%R¥XXF5%XF6/XF8

GO TO 30

XTtJ+1)=0.

XL=XF1*XF1%.125
XFB8={.25¢XL/{IXF2%XF4))*XF&

XT{J)I= XF6/XFB%.25

XT{J+2)=XL/{ XF2%XF8)

XT{J+3)=XL/{ XF4%XxF8)
XTlJd+4)=,5%XFEexXL /XF8

GO TO 3¢

IF(XF1l) S+546€

XKFT=R~XF3%H*.,25
XFB8=.5%XFO¥(R/XF3-HH#XF3/(XF2%XF4)*XF 7}
XT{J)=C.
XT{J#1)=o5%XFEXR-XF3%HH) /{ XF3%XF8)
XT{J+2)=5%XF3%XF 7/ XF2%XF8B)
XT(J+2)=,5%¥XF3%xXFT/{XF4*XF8)
XT{J+4)=.25%XF3%xXFExXFT/XF8

GO TO 30

XT{J+13=0.

XFT=R+XF1%*H*,25

XFB8= S XFO*x{R/XFL+HH+ XF1%XF7/{ XF2%XF4))
XT(J)=.5%¥XFO6x{R+¥HHEXFL1) /( XF1*XF8)
XT{J+2)=oSEXFL¥XFT/{XF2*XF8)
XT{JI+3)=.5%XF1*XF7/(XF4¥xXF8}
XT{J+4)=.25%XF1XXFOXXFT/XF8

IF(KEL) 32,411,331

GO

GO

XT{J#2)=XT(J+3)3+XT(J+2)
XT(J+2)=0.

T0 11
XT{J+2)1=XT(J+2)+XT(J+3)
XT{J+3)=C.

70 11

XT{Ji=—XF1

XT{J+1)=XF2
XT{J+2)=XF3
XT{J+2)=XF4

XT{J+4)=R

35




il
100
102

103

36

JNUM=—JNUM
WRITE(69 103 (KT(1)sI=dsK)} o I{XT{I),I=JysLl)yJINUM

GO T0O 12
FORMAT{415,5F10.0)

FORMAT{111H KT{JT) KT{JT+1) KT{JIT+2) KT(JT+3)})
IXTLJT) XT{IT+1) XT{JT#£2)  XT(IT+3) XT{JIT+4)
FORMAT{4110,10X,5F10.7,110)

END

- Peme o mmar w0 T nam o 1 1 nomul D
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C JTINT SETS LP THE JT ARRAY
SUBROUTINE JTINTINTP)

COMMON AREM, ATX{51),ATY{51), AX, AY{51), BASE, CU(51), CUDI(51),
DC, DCC, DELY, DXy EPS, ER{4G), ETX(S51),ETY{51),Hy1AS,JAS(20),JD
,JOT, JT{3000), KAB, KABB, KAN, KAT, KATT, KATi, KAT2, KB{13),
KBA, KBB, KBF, KCHI51)s KRL, KT{1850), LAST, LB(2}, LC(3),
NAJy NPIT, NRDy NRL, NT, NTJy, NURL, NXEP, PTX{99), PTY{(99),

RCU{51), RH{3000), RHDOWN, RHUP, RIN, RX, SAU(5L), SEM,
SIZEs U{3000), UB{3000), LRH{3000),VA, VAT, VBT, VX{51),
VY{51), XDy XEP, XKs XMP, XQM, XR, XT(1850),YEP
KB(13}=¢0
IF{ IAS.LT.1) GO YO 50
AXISYM JT-SETUP
READ(S,1CC)JA

JA=NUMBER OF CARDS
JP=PGINTS PER COLUMN
JP=LC(3)
JG=NT+1
JK=1

JD=JK

DO 11 J=1,JA

READ [5,100)KA+{KB{K}K=1,12)

~oUu W
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KC=1
1 JE=KB(KC)}
IF(JE) 11s11,8
8 JF=KB{KC+1)

C ERROR CHECK ON JT
JFF=1ABS{JF)
IF{JFF.LT.9) GO TO 113
IF({MOD(JFF=4,5).NE.0.OR.JFF.GE .NTP} GC TO 111

113 DO 9 L=1,JE
JT{JDI=JF
9 JD=JD+JpP
KC=KC+2
IFIJD-JG) 7T.12412
i2 JK=JK+1
JO=JK
GQ 1Q 17
11 CONTINUE
READ(5,101)BASE
31 KETURN
C 2-0 JT SETUP
50 READ {5,10Q) JA
JB=0
60 0O 1104=1,JA
READ Sel10CIKALWIKBIK)1K=1,412)

KC = 1
DO 10 K=1l.KA
10 JD = KB{KC)
IF(JD) 10,10,80
80 JE = KB{KC+1)
c ERROR CHECK ON JT
JFF=1ABS(JE)

31



IF{JFF.LT.9) GO TO 114
IF{MOD{JFF-4,5).NE.C.OR.JFF.GE.NTP)} GO TO 111

114 DO SOL=1,JD
JB = JB+1
€ JT=POINT-TYPE VECTOR
90 JT{JB) = JE
KC = KC+2
GO T0 70
10 KC = 1
110 CONTINUE
GO 10 21
111 WRITE(€,102)
WRITE(év 1003KA,(KB(K):K=1 v13’
CALL EXIT
100 FORMAT{1415}
101 FORMATI(F10.5)
102 FORMAT(18H ERROR IN JT DATA. )
END

38



c EVC CALCULATES THE SPECTRAL RADIUS UF THE ITERATION MATRIX
SUBROUTINE EVC
CCMMON AREM, ATX{51),ATY{51), AX, AY(51), BASE, CU{(51), CUDI(51),
bCy DCCy DELY, DXy EPSs ER{40)s ETX(S1),ETY(51),H,1AS,JAS(20),J4D
»JOTs JT{(3C00), KAB, KABB, KANy KAT, KATT, KAT1l, KAT2, KB{13),
KBA, KBB, KBF, KCH{S51), KRL, KT{1850), LAST, LB(2), LC(3), MO,
NAJ, NPIT, NRDy NRL, NT, NTJ, NURL, NXEP, PTX(99), PTY(99),
RCU(51), RH(13000), RHDOWN, RHUP, RIN, RX, SAU{(51), SEM,
SIZEs, U(3000), UB{3000), LRHI{3000),VA, VAT, VBT, VXI(51),
VY{(513y XDs XEP,s XK, XMP, XQM, XR, XT{1850),YEP
DIMENSION AA{300),X(100)
EQUIVALENCE (URH(1)sX{1)),{URH(101),AA(1))
C THE ABSOLUTE VALUE OF THE LARGEST EIGENVALUE OF THE MATRIX IS TS
C SPECTRAL RADIUS . THE TERMS EIGENVALUE AND SPECTRAL RADIUS
C WiLL BE USED INTERCHANGEABLY
C INITIALIZE VECTOR ITERATES
0O 3 J=1,NT
RH{J)=0.0
3 utJi=c.c
JdS=-1
C INITIALIZE EIGENVECTOR
DO 8 JD=1,NT
IFLJTLJUD)—8) 646,47

~NOR S WN e

6 UtJbi=c.
GO TO &

7 utJol=1.

8 CONT INUE

C NUMBER OF COLUMNS
NLIN=LCI{1)+1

JM=LC(3)~-1
c BEGIN MINMAX PROCESS
S DO 22 KK=1,1CGC0
C CALCULATE NEW VECTOR

00 29 ML=1,NLIN
C FIRST MESFE POINT
KZ={ML-1)*LC(3)+1
€ LAST MESH PCINT
KC=KZ +JM
Jv=1
Ju=1
DO 38 K=KZ.KC
JZ=JT{(K}
KU=KT(JZ)+K
KD=KT{JZ+1)+K
KR=KT{JZ+2)+K
KL=KT{JZ+3}+K
IF{JZ2.6T.8) GO TO0 37
AA(JU)=0.
AA(JU+1)=1.
AA(JU+2)=0.
SUM=0.
GO 10 35
37 SUM=U{KR)IZ=XT(JZ+2)+U{KL)®XTIJZ+3)
AALJU)Y==XT(JZ)
AAtJu+l)=1.



AA{JU+2)=—XT(JZ+1)
IF{(KeEQKZ)oORG{{JTIK-1) eGTo0).ANDL(KT{JZ).EQ.-1))) GO TO 36

AALJU)=0.
3¢ IF({K<EC.KC) 2OR. ({JT{K+1).GT.0)oAND. (KT{JZ+1).EC.1)))GO TGO 35
AA{JU+2)=0.
35 X(JVI=SLM
JV=dv+l
38 JU=Ju+3 ,
CALL MATRIX(LC{2),AA(2),4X)
Jv=1
CO 34 K=KZ,KC
RHIK)=X{JV)
IF(JT{K)LE.8) RH(K)=0.
34 JV=Jv+1
29 CUNTINLE
C  ThE MATRIX MUST BE APPLIED TWICE AS ITS TWO-CYCLIC NATURE
c REOKRDERS THE MESH POINTS AFTER ONE MULTIPLICATION.
€  THE SPECTRAL RADILS SQUARED IS THE RESULT OF THE MINMAX
C PROCEDURE AND THUS ITS SQUARE ROOT MUST BE TAKEN
C SWITCH ALLOWING MATRIX TO BE APPLIED TWICE
IF(JS) 13,15,15
13 DO 14 K=1,NT
c STOKE OLD VECTOR IN UB(J)
UB(K)=U(K)
14 ULK)=RH{K)
GO TO 22
C INITIALIZE FOR RATIO TEST
15 XL=0.0
XS=1.0
DO 20 JD=1,NT
IFIUIJD)326,20,16

16 X=RH{JD)/UBLJD)
IF{XL-X) 17,1818
C XL IS MAXIMUM RATIO
17 XL=X
NNL=JD
i8 IF{XS—-X) 20,20,19
C XS IS MINIMUM RATIO
19 XS=X
NS=JD
20 CONTINUE
YL=RH{NNL)
DO 21 JD=1,NT
C SCALE SO THAT VECTOR DOUESNT GET TGO LARGE IN MAGNITUDE
21 UGJDI=RH{JD /YL
C CONVERGENCE TEST (1E-4 IS ARBITRARY)
IF(XL-XS—1.0E-4) 24,2422
22 J8=-JS§
23 WRITE (€,102)XS+XL
24 XR=SQRT{.5%#{XS+XL1})
25 WRITE(6,1C1) XRyKK
C ERROR CHECK
IF{{XReGEoele}sORe{XR.LE.C.)IGC TO 28
21 RETURN
28 CALL EXIT
100 FORMAT(141I5)
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1C1

1G2

FORMAT{4HOXR=F11.8,2H 15,354 ITERATICNS REQUIRED TU CONVERGE O

*N XR )
FORMAT{7HOXS XL
END

2F15.8)
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SUBRGUT INE GUESS GENERATES A FIRST GUESS
SUBROUTINE GUESS
COMMON AREM, ATX{51),ATY(51), AX, AY[(S1), BASE, CU{51), CUDI51),
pC, OCC, DELY, DX, EPS, ER(40), ETX{51),ETY(51),H,1AS,JAS(20),4D
,JOT, JT{3000), KAB, KABB, KAN, KAT, KATT, KATLl, KAT2, KB(13),
KBA, KBB, KBF, KCH{51), KRLs KT (1850}, LAST, LB(2}), LC(3), MO,
NAJ, NPIT, NRD,y, NRL, NT, NTJ, NURL, NXEP, PTX(99), PTY(99},
RCU{S51), RH{3000), RHDOWN, RHUP, RIN, RX, SAU{S51), SEM,
sIzZE, U{3C00), UB(3000), LRHI3000),VA, VAT, VBT, VX(511},
VY(51), XDs XEP, XK, XMP, XQM, XR, XT(1850),YEP
DIMENSION GEP(T)
EQUIVALENCE {UBI(1),GEP{1))
GEP(1) IS ASSOCIATED WITH JY-TYPE 0,GEP{2) WITH TYPEl, ETC.
REAC(5,10C) (GEP{J)yJ=1,7)
DO 1 J=1oNT
utJi=0.0
IF(IABS{JT{J))-G) Z+141
K=d7{J4)+1
U{J)I=GEPI(K)
JT(J41=0
CONTINUE
RETURN

N wWmS W=

160 FORMATI7F10.5)
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SUBROUTINE CHN1Z2
C CHN12 CALCULATES THE POTENTIAL FIELD
COMMON AREM, ATX(513),ATY(51), AX, AY{51), BASE, CU(51}, CUDI51),
1 o©oCc, DCC, DELY, DX, EPS, ER(4C), ETX(51),ETY(51),yHyIAS,JAS(20),JD
2 +JdUT, JT(3000), KAB, KABB, KAN, KAT, KATT, KATl, KAT2, KB(13},
3 KBA, KBB,y KBF, KCH(51), KRL, KT{1850}), LAST, LB(2), LC(3), MO,
4 NAJs, NP1T, NRDy NRLs NT, NTJ, NURL, NXEP, PTX(99), PTY(99),
5 RCU(51), RH{300C), RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
6 SIZE, UIL3C00), UB{(3000}), URHI(3000),.VA, VAT, VBT, VX{51),
7 VY(51)s XDs XEP, XK, XMP, XQM, XR, XT{1850),YEP
DIMENSION AA(300),X(100)
EQUIVALENCE {URH(1),X(L1}),{URH(10L) ,AA(L})
SX=1.0
XM=o25%XR¥*%2
NLIN=LCl1)+1

JA=LC(3})-1
1 XW=1.
DO 22 NN=14NURL
XEP=0.
ML=1
2 DG 29 LL=ML,NLIN,2
KZ={LL-1)*%LC{3)+]
KC=KZ+JA
Jv=1
Ju=1
DO 38 K=KZ+KC
JI=JTIK)

KU=K+KT(JZ)
KD=K+KT{JZ+1)
KR=K+KT{JZ+2)
KL=K#+KT({JZ+3)
IF(JZ2.GT.0) GO TO 37
AA(JU)=0.
AA{JU+LI=1.
AA{JU+Z2)=0.
SUM=UI(LK)
GG TO 258
37 SUM=U(KRI®XT(JZ+2}+U(KL)AXT(JZ+3) +RHIK)%2XT{JZ+4)
AALJLI==-XT(JZ)
AA{JLe1l)=1.
AACJU+2)==XT{JZ+1)
IF{{K EQoKZ) ORI (JT{K-1)eGT.0) .ANDL(KT(JZ).EQ.—-1))) GO TO 36
AA{JU)=0.
SULM=SUM+U(KUYRXT (JZ)
36 IF{{KEQoeKC) ORe{{JTIK+1).GT.0) ANDL(KT{JZ+1).EQ.1)))GO TGO 35
AA(JU+2)=0.
SUM=SULNM+LIKD)=XT{JZ+1)

35 X{JIV)=SUM
JV=4Jdv+1l
38 JU=JuU+3
CALL MATRIX(LCIZ),AA(2),X)
Jv=1

DO 34 K=KZ,.KC
DIF=X{(JVvI-UlK)
ULK)=XW*DIF4U(K])



DIF=ABS(DIF)
IF{DIF.LELXEP) GO TO 34

XEP=DIF
NXEP=K
34 JV=JV+1
29 CONT INUE

IFINN.GT.1) GO TO 11
XW=1le/lla—ce¥xXM)
GO 10 12
11 XH=1./(1.—XM*XN)
12 IFIML.GT.1) GO TO 3
ML=2
GO 70 2
3 IF(LB{1)}) 18,18,15
15 KG=LB{ 1)
C CALCULATIUN CF NEGATIVE JT-TYPE MESH PCINTS
KH=LB{2)}
G0 17 JD=KGy+KH
KE==JT{JD}
IFIKE) 17+17,16
C CONTRIBUTING POINTS ARE DETERMINED
16 KU=KT(KEJ}+JD
KD=KT{KE+1}+JD
KL=KT(KE+2)+JD
KR=KT(KE+3}+J4D
ULTJD)=XT(KE+4}*RH{JD) +XTIKE ) ¥UIKU) #XT(KE+1 ) %U(KD) +XT {KE+2 ) *U (KL

i JHXT(KE+3)*%U(KR)

17 CONT INUE
C CCNVERGENCE TEST

18 IF{XEP*XMP.LE.EPS) GO TO 24
23 CONT INUE

24 KNUM=JAS (1}

IF(KNUM.LE.O) GO TO 27
C CHECK IF ANY PUOTENTIALS ARE ABOVE THCSE OF THE EMITTER
00 28 J=2,KNUM
JN=JAS(J)
¢ MULTIPLICATION BY XQM IS FOR SIGN CONVERSION ONLY
IF{{U{JIN)-VA)EXQM) 28,28,25

28 CONTINUE
GO 10 27
25 SX=SX¥RX

C KAN IS THE TEST PUINT
WRITE {6+101)JNyU{JIN),5X
DO 26 J=14yNT
utyi=uBiJ)
2¢€ RH{J i=RH{J)*RX
RHUP=RH{KAN}
G0 10 1
217 CALL TEST(NN)
RETURN
1C1 FORMAT(38HOPUINT/VALUE/TOTAL SUPPRESSION OF RHS I5,2E15.6)

END
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C PRINTOUT OF POTENTIAL FIELD
SUBROUTINE TwDUT{KK)
COMMON AREM, ATX{51),ATY{S51), AX, AY(51), BASE, CU(51), CUDI(51),
DCy» CCCs DELYs DXy EPS, ER{4C), ETKI(SL)sETY(51),H,1AS,JAS(20),JD
+JOT. JT{3000), KAB, KABB, KAN, KAT, KATT, KAT1l, KATZ, KkB{13),
KBA, KBB, KBF., KCH{51), KRL, KT(1850), LAST, LB{2), LC(3), MO,
NAJ, NPIT7, NRDs NRLs NV, NTJy NURL, NXEP, PTX{(99), PTY(99),
RCU{51)s RH{3000)s, RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SIZE, U(3000), UB(3000}), URHI3000),VA, VAT, VBT, VXI(51)},
vYI{51), XDy, XEP+ XK, XMP, XQM, XR, XT{1850),YEP
NN=KK
IFEMO) 241092
2 WRITE(6,1013 NNJXEPNXEP
i3 WRITE (6,1C2) NT
WRITE(€,100)
J=1
DO 4 K=1.NT
KT{J) =K
X¥{Ji=UlK)
J=J+1
IF(J-5) 4,3,3
3 WRITE {6,103)(KTIM)4M=1,8) {XT(M)},M=1,8)

~NoOoUSrWN -

J=1
CONTINUE
IF(J=-2) 846,4¢€
DO 7 K=J,8
KT[(K)=0
7 XT{K)=C.0C
WRITE (6,103)(KTI{M)4M=1,8),{XT(M) ,M=1,8}

[o % I )

8 RETURN
10 WRITE (6,104}
C POTENTIAL FIELD IS AVERAGED FOR FINAL VALUES
JOT=NRD
C SET SwITCk TO END PROBLEM
NURL=-177
DO 11  J=1,NT
11 UlJ)=.5%{ulJ)+uBld))
GO 10 ¢
100 FORMAT(1HO,10X,20H MESH PCINT NUMBERS 45X,17H POTENTIAL VALUES)
101 FORMAT{ 7HOAFTER 15,44H ITERATIONS ON U THE MAXIMUM CHANGE IN U
*1S F10.5432H VOLTS AND GOCCLRS AT MESH PCINY 15)
102 FOGRMAT (1HCIS,9H U VALUES)

103 FORMAT(1H 8I5,8F11l.4)
104 FORMAT{47HC U-FIELD IS AVERAGE GOF THIS AND PREVIOUS CYCLE )
END
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C TEST CHECKS CYCLES AND PRINTOUTS
SUBROUTINE TESTIKK)

COMMON AREM, ATX(S51),ATY(51), AX, AY(51), BASE, CU(S51), CUDI(51),

1 t¢cC, DCCy DELY, DX, EPSy ERI14C), ETX{51),ETY(51),H+IAS,JAS(20),JD
2 2407, JT{3C00), KAB, KABB, KAN, KAT, KATT, KATl, KATZ2, KB(13),
3 KBA, KBB, KBF, KCH(S51), KRL, KT{1850), LAST, LB(2), LC(3),
4 NAJ, NPIT, NRDy NRL, NT, NTJ, NURL, NXEP, PTX(99), PTY{(99),
5 RCU{(S51)s RHI3000), RHDOWN, RHULP, RIN, RX, SAU{51), SEM,
6 SIZE, U{3C00), UB(3000), LRH{3000),VA, VAT, VBT, VXI{51),
7 VY{51), XDs XEP, XK, XMP, XQM, XR, XT{1850),YEP
NN=KK
IF{KRL=NRL )} Z41,2
1 CALL BCDUMP (Ul1),UINT))
NURL=6C
2 IWRL=NRL-KRL+IABS{MQ)

IF(KB{IWRL)) 4+4,3
C CONDITIONAL PRINTOUT OF POTENTIAL FIELD AND EQUIPOTENTIALS
3 CALL TWOLTINN)
CALL ECLINE
C SWITCH FOR LAST CYCLE
4 IFINURL) 6,5,5
C TEST ON CYCLES
5 IF(KRL) 7,6,¢€
6 RETURN
1 WRITE {(6,101)
C TRANSFER FOR NEW SET OF DATA

8 NURL=-T77
RETURN

101 FORMAT(11HINEXT CASE.
END

46



C EQLINE CALCULATES THE EQUIPOTENTIALS
SUBRCOUTINE EGLINE

CUMMON AREM, ATX(51),ATY{S51), AX, AY(51), BASE, CU(51), CUD(51),
cCy DCCs DELY, DXy EPS, ER{4G}, ETXI(51),ETY(51),H,1AS,JAS{20),J4D
+»JOT, JT(3C00}, KAB, KABB, KAN, KAT, KATT, KAT1l, KAT2, kB(13),
KBA, KBB, KBF, KCH{51), KRL, KT{1850), LAST, LB(2}, LC(3),
NAJy NPIT, NRDy NRLs NT, NTJ, NURL, NXEP, PTX{(99}, PTY(99),

RCU(51)y RH{3000), RHDOWN, RHUP, RIN,y, RXy SAU{(51), SEM,
SIZE, U(3C00), UB{3000), LRH{3000),VA, VAT, VBT, VX(51),
VY{51), XD, XEP,y XKs¢ XMP, XQM, XR, XT{18S50),YEP
SUM=FLOAT(LC(1))*H
XK=1.
C NG EQUIPOTENTIALS IF SIZE = 0O
IF{SIZE) 142741
1 POTEN=VAT
WRITE(6,102)
JC=LC{ 1)
JD=LC(3)-1
DX = H
31 I=DX*100.0
C SCALE MESFKE SIZE IF NECESSARY FOR PRINTING PURPOSES
IF{I) 25,29,3C
26 UX=DX*1C.0
SUM=SUM*10,
RIN=RIN%*10.
XK=XK*¥10.
GO 10 31
30 IF{{RIN.LE.100.)AND.({SUM.LE.100.}) GO TO 41
XK=XK/10.«
DX=DX/1C.
SUM=SuUM/10.
RIN=RIN/10.
GO 10 30
41 K=XK+.£
IF(K.EC.1} GO TQ 2
WRITE (€+101)HDX XK

~OowUVd W

2 JE=LC{ Z)
JED=JE+JD
L=1
3 AX=0.0
33 CO 22 JJ=1,JC
KS=1
5 AAY=0.0
DO 19 K=JE,JED
6 IF(KS) 8,8,7
1 M=1
J=K-LC{3)
GO TO S
8 J=K-1
C CHECK TO SEE IF POTENTIAL IS BETWEEN UlJ) AND UI(K)
9 IF({ULKI-POTEN)*(U(J)-POTEN)) 10,+10,18
10 CIF=ABS{U(JI-UIK))
IF(DIF) 13,13,11
11 IF(M) 12,14,12

C LINEAR INPERPCLATION IN HCRIZONTAL CIRECTION

4



12 VX{L)=ABS{U{J)-POTEN) /DIF*DX#AX
VY{L)=AAY
GG TO 15

13 VX{L}=AX+DX
VY{L)=AAY
GO TO 15

14 VX{L)=AX+DX

c LINEAR INTERPOLATIGN IN VERTICAL DIRECTION

VY{L)= ABSIU{J)-PCTEN)/DIF*DX+AAY

15 IFiL-€¢) 17416€,16
16 WRITE (6,100)POTEN,{VX{LI)sVY(I)sI=1,+6)
L=0
17 L=L+1
18 AAY=AAY+DX
19 CONTINUE
IF{KS) 21,21,2C
20 KS=0
M=0
JE=JE+1
GO 70 5
21 JE=JE+JD
JED=JE+JD
AX=AX+DX
22 CONTINUE
IFtL-2) 25+23,23
23 DO 24 Jd=L,6
vX{Ji=C.0
24 VY{(J1}=0.0

WRITE (6,100)POTEN(VX{L)4yVY{I),I=1+6)
C STEP PUTENTIAL DOWN

25 POTEN=POYEN-SIZE
IF{POTEN-VBT) 27,2,2
217 RIN=RIN/XK
RETURN
100 FORMAT({17THOPOTENTIAL {X,Y) F8.1,2H 61{2H {F6.3,1H,F6,3,2H) ))
101 FORMAT{3H H=F11.6,5H DX=F11l.6415H SCALE FACTOR=Fl11l.6)
102 FORMAT({1HO45X23H EQUIPOTENTIAL PRINTOUT }
END
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SUBROUTINE CHN13
C CHN13 CALCULATES THE TRAJ AND RHS FOR 2-D CASES
COMMON AREM, ATX({51),ATY{51), AX, AY{51), BASE, CUl51), CUD(51),
1 0C, DCCy» DELY, DX, EPS, ER{4C), ETX{51)},ETY(51),H.IAS,JAS(20),JD
2 +J0T, JT{3000), KAB, KABB, KAN, KAT, KATT, KAT1l, KAT2, KB(13),
3 KBA, KBB, KBF, KCH(51), KRL, KT (1850}, LAST, LB{2), LC(3), MO,
4 NAJy NPIT, NRDy NRL, NT, NTJ, NURLs NXEP, PTX{99), PTY(99),
5 RCU(51)y RH{3000), RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
6 SIZE. UL3000), UB{3000), URH{3000),VA, VAT, VBT, VX{51),
7 VY(51), XD. XEP, XK, XMP, XQM, XR, XT{1850),YEP
IF{NRL .EQ.KRL) NPIT=C
NPIT=NPIT+1
WRITE(64100)INPIT
SUMTWC=0.0
SUMTRI=C.0
C STUORE LAST ESTIMATES
DO 35 J=1 +NT
usltJl=utd)
35 URH{J )=RH{J)
C INITIALIZATION
DO 1 Jd=1.51
C SAU WILL FAVE EMITTER CURRENTS
SAUlJ)=0.0
C ETX,ETY WILL HAVE CUGRD OF EMITTER SURFACE AT EQUAL ARC INCREMENTS
ETX{J4)=0.0
ETY(JJ)=C.O
C KCh=TRAJECTCRY REFLECTIGON COUNTER
KCH{J3=-1
C AY{J) IS Y-COCRD GF J-TH TRAJ
AY{J)=0.0
c vVY(J) IS Y-CCMPONENT COF VELOCITY CF J-TH TRAJ
VY{Ji1=0.0
C vX{J) IS X-COMPUNENT OF VELOCITY OF J-TH TRAJ
vX{J)=C.00001
C CU{J) IS CURRENT IN J-TH TUSBE
1 CuiJi=C.0
DD 11C0 J=1,59
C PTX,PTY ARE COORD UF EQUIPOTENTIAL LINE USED TO CALCULATE
C CURRENT DENSITY AT THE EMITTER
PTIY(J}=C.0
1100 PTX(J}=0.0
NJT=NTJ
C PEQ CALCULATES THE EQUIPOTENTIAL LINE IN CORDER THAT THE CURRENT
C DENSITIES CAN Bt CALCULATED
55 CALL PEC
€ ARC ODIVIDES THE ARC LENGTH OF THE EMITTER INTO EQUAL INCREMENTS
C FOR THE CURRENT DENSITY CALCULATION
54 CALL ARC
C KBA IS THE POINT NUMBER WHICH WILL BE TAKEN FOR THE EQUIPOTENTIAL
C LINE
POTEN=UIKBA)
DELU=ABS(VA-POTEN}
C XK=CONSTANT IN CHILDS LAw FORMULA%DELTA U*%3/2
XQ=ABS{ XQM)
XK=4,C/G.0%¥YEP*SQRT(2.0%XQ *DELU)*DELU
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NAJ=NTJ+1
IF1J0T.LE.C) GO TO 2
WRITE{€&4105])
C INITIALIZE
2 AX=0.0
NOT=407
DX=H
DELY=DX
C JC=NUMBER CF LINES TO TRAVERSE
JC=LC{ 1)
C JE=FIRST MESF PUINT IN SECOND LINE
JE=LC(2)
c JC=NUMBER CF MESH PCINTS PER COLUNMN
JO=LC{ 3)
SIGN=XCM/XQ
RM=DX/YEP*SIGN
IF{IAS.GT.0) RM=DX*RM
XD= 5% XQM/DX
6 DD 22 JN=1,J4C
JED=JE+JD-1
1 AX=AX+DX
C TRCU CALCULATES THE CURRENT DENSITIES AND CALLS TRAJ WHICH
C CALCULATES THE TRAJECTCRIES
IF{IAS.EQ.C) GO TC 34
CALL ATRCU{JE,JED)
GG 70 1C
34 CALL TRCU(JE,JED)
C CORRCY CONDITIONALLY SHIFTS OR TERMINATES THE TRAJECTORIES

C AT THE GRICS

10 CALL CORRCT{JN)}

11 IF{{AX-3.0%DX-DC)*{AX-4,0%0X-DC)) 12,12,14
C SUMTWO IS THE CURRENT AFTER THE FIRST GRID

12 NAJ=NAJ

SUMTWU=C.5%({CU{1)+CU(NAJ}) v
IF{IAS.GT.0) SUMTWO=2.%SUMTKC
DO 12 K=3,NAJ

13 SUMTWO=SUMTWO+CU(K-1)
GU 10 17
14 IF({AX-2.0%DX-DC-DCC) *(AX-4.0*¥DX-DC~-DCC)) 15,15,17
C SUMTRI 1S THE CURKENT AFTER THE SECOND GRID
15 NAJ=NAJ

SUMTRI=C.5%(CU{1)+CUINAJ))
IF{ JAS.GT.0) SUMTRI=2,%SUMTRI

DO 1€ K=2,NAJ

16 © SUMTRI=SUMTRI+CU(K-1)
17 IF(NOT) 19,15.18
18 NOT=NOT-1
NTJ=NTJ
WRITE{6,101) AXy(KyKCH(K) sAY (K) yVX{K) VY (K),K=1,NTJ)
15 LO 20 J=JEsJED
20 RH{JI1=C.0

IF{IAS.EQ.O0) GO TO 48

C ACALR CALCULATES RHS FOR AXISYM
CALL ACALR(JE,JED)
GO TO 4%
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C CALR CALCULATES THE RHS FOR 2-D

48
49
21
22

208 KK=

00

206

207

26

C THRUST

CALL CALR(JE,JED}
DD 21 K=JE,JED
RH{K }=RH (K )*RM
JE=JE+JD
IW=NRL-KRL+1
IFIKBB) ¢07,207,208
NTJ-NJT

NN=NJT+1

206 J=14NN

Jd=J +KK
RCU(J)I=RCULII)
NTJ=NJT
JOT=IABS(KB{ IW#*1))
IFIKB{IW)) 30,30,26
SUM=0.C

SuU=0.¢

AND POWER CALCULATION
CU=.5%CU

NAJ=NAJ
IF(IAS.EQ.O) CUINAUJ)=.5%CU(NAJ)
DO 168 J=1,NAJ

CULJI=CUlJIESIGN
CUC{J)=CUD(J)*SIGN
SAU(J)I=SALIJI*SIGN

200

201
203

202
199

IFtJ-1) 200,200,201
V=Vx{J)

GO TO 1S9

IF(J-NAJ) 202,2C3,203
v=vX{(J-1}

GO TO 19s
V=o5%(VX(J)+VXTJ=-1))
AY{J)i= CutJixv 7/ XQM

VY[{J)=.5%VveAY(J}

158 Su=

41

40

C SUMONE

47

8

SUM=SUM+AY{J)

SU+vy(J)

IFCIASL.GT.O0)GO TO 41

WRITE (6,109)(J,AY(d)»d=1,NAJ}
WRITE (6,110)SUM,SU

GO TO 4C

WRITE(€y11€)(JsAY(J) +J=1+NAJ)
WRITE{€,106) SUM,SU
IF{IAS.GT.0) GO TO 47
SAUINAJ)=.5%SAU(NAJ)
SAU{1)=.5%SAU(1)

1S THE INITIAL CURRENT
SUMUNE=0.0

DO 8 J=1l,NAJ
SUMDNE=SUMONE+SAU(J)

WRITE (6,111){J+CUD(J)+J=1,NAJ)
IF{IAS.GT.0) GU TO 39

WRITE (6,108)(J4,SAU(J) +J=14NAJ)
WRITE (6,102)SUMONE
ERI=SUMONE/ SEM

WRITE (€4107)ERI

ERI=ERI¥* SEM
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39

38

45

30

GO TO 38
WRITELE,115)(JsSAUTJ)»J=1,NAJ)
WRITE(6,112)SUMONE
ER I=SUMONE
ERR=SUMTWO/SUMONE*SIGN
IF(DC.LE.O.) GO TO 30
ERA=ERR¥*ER
ERR=ERR¥*100.0
IFLIAS.GT.0) GO TO 45
WRITE (6,103)ERA,ERR
IF(CCC.EQ.0.,) GO TO 30
ERR=SUMTR I/SUMONE*SIGN
ERA=ERR¥ERI
ERR=ERR*100.0
WRITE (6+104)ERA,ERR
GO TO 20
WRITE(64113) ERALERR
IF{DCC.EQ.0.} GO TO 30
ERR=SUMTRI/SUMONEX*SIGN
ERA=ERR*ERI
ERR=ERR*100.
WRITE{€5,114) ERALERR
IF(NURL]) 32,31,31

C RTEST CHECKS TFE BOUNDS CN RHS

31

32
100

161

1C2
103

104
105
106
107

108
1Cc9

11C
111

112
113

114

115
116

92

CALL RTEST
RETURN
FORMAT{ 8HCCYCLE I2)
FORMAT{1+CFBats 4XI2¢13X12,5XFG.4,2E13.5/(13XI2,13X12,9XF9.4,
* 2E13.5)1}
FORMAT{23HOTOTAL INITIAL CURRENT= E12.6,19H AMPS/{UNIT H) )
FORMAT (36HOTRANSMITTED CURRENT AT ACCEL. GRID= E12.6424H AMPS/
*{UNIT H) WHICH IS F6.2,32H PERCENT OF THE INITIAL CURRENT. )
FORMAT(36HOTRANSMITYED CURRENT AT DECEL. GRID= E12.6,24H AMPS/
¥*{UNIT bh) WHICH IS F6.2,32H PERCENT OF THE INITIAL CURRENT. }
FORMAT (4 7HOX-COORD TRAJ NUM REFLECTICN COUNTER Y-COORD
* 3Xy 23HX-VEL COMP Y-VEL COMP )
FORMAT(24HOTOTAL THRUST (NEWTCNS) E14.6//721H TOTAL POWER (WATT

¥S) El4.6)
FORMAT{32HOAVERAGE INITIAL CURRENT DENSITY= E12.6,17H AMPS/{UNI

¥*T H)#*x2 )
FORMAT{32HOINITIAL CURRENTS [AMPS/UNIT H) //(7{1H 12,E14.6)))
FORMAT{53HOTHRUST DISTRIBUTICN BY STREAM TUBES (NEWTONS/UNIT H)

¥ /LT 124E14.611))
FORMAT{ 31HOTOTAL THRUST (NEWTONS/UNIT H) El4.6/27H TOTAL POWE

*R (WATT/UNIT H) El4.6)
FORMAT{486HCINITIAL CULRRENT DENSITIES {ANPS/UIUNIT H)*%¥2) 7/

* (7L 1H 12+E14.6)1)
FORMAT{23HOTOTAL INITIAL CURRENT= El2.64 S5H AMPS )
FORMAT{3THOTRANSMITTED CURRENT AT ACCEL. GRID= E12.6,15H AMPS W
#HICH IS Fé.2,33H PERCENT OF THE INITIAL CURRENT. )
FORMAT{37HOTRANSMITTED CURRENT AT DECEL. GRID= E12.6,15H AMPS W
*HICH IS Fé.2,33H PERCENT OF THE INITIAL CURRENT. )
FORMAT{25HOINITIAL CURRENTS {AMPS) //(7(1lH 12,E1l4.6)))
FORMAT(4THGTHRUST DISTRIBUTION BY STREAM TUBES (NEWTONS) //
* {701F I12,E14.6)))
END



C TRAJ CALCULATES THE TRAJECTORY CCORDINATES AND VELOCITIES
SUBROUTINE TRAJ(M,KE,KED)

COMMON AREM, ATX(51),ATY{51), AX, AY(51), BASE, CU(51), CUDI(51),
DCy DCCy DELY, DX, EPS, ER{40), ETXI51),ETY(51)4H,IAS,JAS(20),JD
»JOT, JT{3G00), KAB, KABB, KAN, KAT, KATT, KAT1l, KATZ2, K8(13),
KBA, KBB, KBF, KCH{51), KRL, KT{(1850), LAST, LB{(2), LCI(3),
NAJy NPIT, NRD, NRL, NT, NTJ, NURL, NXEP, PTX(99), PTY{99),

RCU{S51}s RH{3000), RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SIZE, U13000), UB{3000), LRH{3000),VA, VAT, VBT, VX{51]),
VY{S1), XD, XEP, XK, XMP, XQM, XR, XT(1850),YEP
JE=KE
JED=KED
K=M
AC=AY(K) /DX
JX=A0
XA=JX
XA=AD-XA
JP=JX+JE
JS=4
JQ=JP-JD
UL={1.0-XA)*U{JQ)+XA*U{JQ+1)
UK=11.0-XA)RU(JP )+ XARULJP+1)
C CALCULATION COF LEFTHAND DERIVATIVE
IF{XA-.5) 1lsl+5

NS WN

i IF{JX) 242,33
2 YLA=2 ,0%XA*{U{ JQ+1)-U1JQ)}
GO TO 4
3 YLA=(XA+.5)*U(JQ*I)—Z.O*XA*U(JC)+(XA—.5)*U(JQ-1)
4 DY=VY(K)/VXIK)
JOX=JX
GO TG 7
S JX=JX+1
JQ=JQ+1
XA=XA-1.0
[F{JIX=JD+1) 3,6,6€
6 YLA=2.C¥XA%{ULJQ-1)-UlJQ))
GO 10 4
C CALCULATION OF RIGHTHAND DERIVATIVE
7 XB=XA+0Y
IF{DY) 9,9,10
8 JX=JX-1
XB=1-0+XB
9 IF{XB+.5) 8412412
11 XB=XB-1.0
JX=JX+1
10 IF{XB-.5) 12,12,11
12 IFLJX) 14,117,416
13 JX=JX42%1{1-JD)
14 JX=—JX
XB=-XB
i5 JP=JE+JX

YRA={XB+.5)%UlJP+1)-2.0%XB*UtJP) +{XB-.5) *UlJP~-1)
iF(XB) 19,20,20

16 {F{JX-JdD+1) 15,18,13

17 JP=JE
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18
19

20

YRA=2 ., 0% XBx{UlJP+1)-U(J4P))
XB=ABS(XB)

GO T0 2¢C

JP=JE+JX
YRA=2.C¥XB¥* (Ul JP-1)-UJP)})
JP=dP-1

XB=1.C-ABS{ XxB)

JQ=JP-JD

USN=(1.0-XB) *U(JQ)+XB*xU{JQ+1)
UAN={1.0-XB }*U{JPI}+XB*U(JP+1)
DUX=4 5% (UK—UL—USN+UQN)
VXB=VX(K)*¥2-2.%XQM*DUX
VXX=SQRT (ABSIVXB)})
DT=2.C%DX/{VXX+VX{K))

JS$=45~-1

C YA=Y ACCELERATION

YA=XD*{ YLA+YRA}

C CY=DELTA Y INCREMENT

21
28
29

DY=DT*(VY{KJ)—-.5%YA%*DT) /DX
JX=Jd0OX

IF(JSY 21,21, 7
IF{vXxB) 28,25,29

WRITE{6491003K,JE9 JEDJP,JQ,AY(K) yDUX,VX(K) sVY(K) ,VXB,AX

VX{K)=VXX
VY{K)I=VY(K)-YA*DT
AY{(K)=AY{K}+DY%*DX

C REFLECTION OF TRAJECTOGRIES IF QUTSIDE BOGUNDS

22

23
24

217
2¢

100

54

IF(AY{K))22+23423
AY(K)=-AY(K)

{F{IAS.LE.Q) GO TD 25

AY(K)=-1.

CUIKI=0.

CU(K+13)=0.

GO YO 2¢

IFIAY{K)=RIN) 2¢€426424
AY{K)=RIN+RIN-AY(K}
VY({K)=-VY({K)
KCHIK)=KCH{K)}+1
CONTINUE .
RETURN

FORMAT{27HCTRAJ ATTEMPTS TO TURN BACK
END

//(515,6E15.6))




C CORRCT CONDITIONALLY TERMINATES OR SHIFTS THE TRAJECTORIES
SUBRCUTINMNE CCRRCT {JR)

COMMON AREM, ATX{51),ATY{51), AX, AY{(51), BASE, CU(51), CUDI(51},
1 oC, DCCs DELY, DX, EPS, ER14C), ETX(51)},ETY{(51),H,1A5,JAS(20),J4D
2 ,J0OT7T, JT{3C00), KAB, KABB, KANs, KAT, KATT, KATl, KATZ2, KB{(13),
3 KBA, KBBs KBF, KCH(51), KRL, KT{(1850), LAST, LB(2), LC(3), MO,
4 NAJ, NPIT, NRD, NRL, NT, NTJ, NURL, NXEP, PTX{99}), PTY{(99),

5 RCU(51)y RH(3000)s RHDOWN, RHUP, RIN,y RX, SAU(51), SEM,
6 SIZE, U13C00), UBI(3000), LRHI(3000),VA, VAT, VBT, VXI(51),
7 VY{51), XD, XEP, XKy XMP, XQFV, XR, XT(1850),YEP
N=MESH COLUMN NUMBER
JN=JR
IFCL{JN-KAT)I*{UN-KATT)).GT.0} GO TO 63
J=JN-KAT+1
GD 70 82
63 IFLILIN-KATLI®(JIN-KAT2)}.GT.0) GO 7O. 87
J=IN-KAT1+KATT-KAT+2
82 DO 64 K=1,NTJ
IF{KCHIK).LT.O) GO TO 64
c BEGIN IMPINGEMENT CHECK
IFTAYIK)«EQe—1..0R.AY(K)}.GT.ER(J)) GO TO 64
AA=AY{K)
IF(K.EQ.1) CUl1)=0.
IF{K+EQs1.0R.{KeGT4l.AND.AY{K-1).EQ.-1.))GO TO 10
C CORRECT CU(K} WHEN AY({K—1) HAS NCGT TERMINATED
AYD=AY{K-1)~-AA
AYDS=AY{K-1)—-ERJ)
CULKI=AYDS/AYD*CU(K)
AYDL=AYD-AYDS
VY(K)={VY{K)*AYDS+VY{K—-1)*AYDL) /AYD
VXIK)=(VX{KI*AYDS+VX(K-1)*AYDL) /AYD
AYIK)=ER(J}
IFIK.GE.NTJ)} GO TO 13
IF{AYIK—1) s LE.ER(J).AND.AY{K+1).LE.ER(J)) GC TO 11
IF{AY{K+1) .GT.ER(J))} GO TO 12

C J

CUlK+1)=C.
GU TO 14
C CORRECT CU(K+1) WHEN AY[K+1) HAS NOT TERMINATED
12 AYD=AY(K+1)-AA

AYDS=AY{K+1)-ER(J)
CU{K+1)=AYDS/AYD*CU{K+1)
AYDL=AYD-AYDS
AY (K)=ER(J)
VYLK)={AYDS*VY{K)+AYDLXVY{K+1}}/AYD
VX{KI={AYDS*VXIK}+AYDL¥VX{K+1)) /AYD
GU TC 14

10 IFIKeLTNTJLANDLAY(K+1L).LE.ER(J)) GO TO 11
IFIKLEQ.NTY) GO TC 13
GO TO 12

11 AY({K}=-1.
CU(K+1)=0.
GO TO ¢4

13 IFLERIJIGELRIN) GO TO 11

C CORRECT FOR LAST TUBE

AYD=RIN—-AA
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14

817

AYDS=RIN-ER{J)
AYDL=AYD-AYDS
AY{KI=ER({J)
CULK+1)=AYDS/AYD*CUIK+1)
VY{K)=AYDS/AYD*VY (K]
N=AX/DX+1.5

N=N*LC(3)
NN=LCI 3)

DIF=ABS{U(NN)-UIN})
V=SURT(2.*XQM¥DIF)
VX{K)={AYDS*VX{K)+AYDL*V}/AYD
IF(ER(J).GE.RIN) GO TO 11
CONT INUE

RETURN

END




sy

SUBROUTINE PEQ

CCMMON AREM, ATX{S1),ATY(S51), AX,

O DN

cCy CCC, DELY, DX, EPS, ER(4C),
JOT, JT13000), KAB, KABB, KAN,

AY(51), BASE, CU(51), CUD(51},
ETX(51),ETY{51)H,1AS,JAS{20),JD
KAT, KATT, KAT1l, KATZ2, kB(13),

KBA, KBB, KBF, KCH(51), KRLs KT{1850), LAST, LB(2), LC(3), MO,

NAJy NPIT, NRDy, NRL, NT, NTJy NURLs NXEP, PTX(59), PTY(991},

RCU(S51),s RH{3G0C), RHDOWN, RHUP, RIN, RX, SAU(51),y SEM,
SiZE, U(3G00), UB{30003, LRHI3000),VA, VAT, VBT, VXI(51),

VY{51) XDy, XEP,» XKs XMP, XQM,

XRy, XTL1850),YEP

C PEQ CALCULATES THE EQUIPOTENTIAL LINE FOR THE CU CALCULATION

20

1

DX

[o]8]

POTEN=U(KBA)
=H

AL=.1%H

NO=KABB+1

AX=0.0

L=0

JE=LC(Z)

JD=LC(3})

8 JJ=1,KAB

AAY=0.0
JED=JE+JD~-1

DO 7 K=JE.JED
J=K-JD
IF({U{KI-POTEN)*(U(J)-POTEN))
DIF=ABS{U(J)-UIK))
L=L+1

Lelos7

C COORCINATES ARE TAKEN FOR EQUAL DELTA Y ONLY

C

g

10

SORT

PTY(L)=AAY
IF(DIF) 2,6€,2
DO 15 KJ=1,NG

IF(ABSTAAY-ATY(KJ))-AL) 16416,

CONTINUE

GG T0 4
IFLAX-ATX(KJ)) 3,3,4
HK=AX+DX—ATX{KJ)
AK=ATX{KJ)

GO TO 5

HK=DX

AK=AX

15

PYXIL)=ABS(U(J)-POTEN) /DIF*HK+AK

GO 70 7
PTX{L)=AX4DX
AAY=AAY+DX

AX=AX+DX

JE=JE+JD

Y-COORE IN INCREASING Y-ORDER
DO 11 J=1i,L
tL=1-Jd+1

7=0.0

DO 10 1=1,LL
IF{T-PTY(I)) 9+9,10
T=PTYI(1)

NN=1

CONTINUE

PP=PTY(LL)
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PTY{LL)=TY
PTYINN)=PP
PP=PTX(LL}
PTX{LL)=PTXINN)
PTXINN})=PP
il CONTINUE
KAP=0
C CISCARD DUPLICATES
J=2
31 IF{(PTY{J)-PTY{(J-1)) 14,12,14
12 NN=L-1-KAP
KAP=KAP+1
0G 12 JJ=JsNN
PTIX{JJ)=PTX{JJ+1)
13 PTY{JJ}=PTY{JJ+]1)
l4 J=J+1
IF(J.LEL{L-KAP)) GO TO 31
IF{JOT.LELO) GO TO 30
WRITE(€,100)POTEN
NAL=L-KAP
WRITE (6,101)0JsPTX(J),PTY(J),J=1,NAL )
30 RETURN
100 FORMAT{57HOCURRENT DENSITIES ARE CALCULATED USING EQUIPOTENTIAL
¥ OF F1l0.5,33H VOLTS WHICH HAS X-Y COORDINATES }
101 FORMAT{7(1H 12,2H (FE.341H,F5.3,2H) ))

END
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C ARC LIVIDES T+HE EMITTER INTO EQUAL ARC LENGTHS
SUBROUTINE ARC

COMMON AREM, ATX(51),ATY{51), AX, AY(51), BASE, CU(51), CUDI(51),
bc. DCC, DELY, DX, EPS, ER{4C), ETX(5L)»ETY{51),H,IAS,JAS(20),JD
»JOT, JT{3C00), KAB, KABB, KAN, KAT, KATT, KAT1l, KAT2, KB{(13),
KBA, KBBs KBF, KCHIS51), KRL, KT(1850), LAST, LB(2), LC{(3),
NAJy, NPIT, NRD, NRLy NT, NTJs NURL, NXEP, PTX{99), PTY(99),

RCU{51), RH{30C0), RHDOWN, RHUP, RIN, RXy SAU{51), SEM,
SIZE, U{3C00), UB(3000), LRH{3000),VA, VAT, VBT, VX(51),
VY(51)s XCs» XEPs XKes¢ XMP, XQM, XRy XT{1850),YEP
DIMENSION LQULCO)
EQUIVALENCE{LQ(L1),RH(1))
C KABB=NUMBER OF INPUT COURDINATES FOR EMITTER LESS ONE
NBH=NTJ+1
B8h=NBH
SEM=0.0
C SUMMING TOTAL ARC LENGTH
B0 1 J=1,KAB8B
SA=SQRTI{ATX{(J+1)—ATX(J) ) %2+ (ATY(J+1)—-ATY(J))%%*2)
1 SEM=SEM+ SA
C AREM=DELTA ARC LENGTH
AR EM=SEM/BH
K=1
REM=0.0
J=1
HYP=AREM
C CALCULATION UGF COOURDINATES
ETX{K)=ATX{K)
ETY{K)=ATYIK)
K=K+1
2 XDIF=ATX{(J)-ATX{J+1)
YODIF=ATY{J+1)-ATY{J)
SA=SURTIXDIF*%2+YDIF%%2)
CSA=YDIF/SA
SNA=XD IF/SA
3 ETX(K)=ATX{J)-HYP*SNA
ETY{K)=ATY(J)I+HYP%CSA
HYP=AREM+HYP
K=K+1
REM=REM+AREM
IF{K-NBH) 4,446

LR SR R R TUN V)

4 IF{SA-REM-AREM) 5,45,3
5 J=d+1
HYP=AREM-SA+REM
REM=HYP~-AREM
GO 10 2
6 CONT INUE

ETX{K)I=ATX{(KABB+1)
ETY{K)=ATY{KABB+1})
C CHECK ON LOWER SYMMETRY

12 IF(LAST) 17,18,18
17 K=K +1
NTJ=NTJ+1

XDIF=ETX{K-1)}-ETX(K-2)
YOIF=ETY{(K-1)-ETY(K-2)
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SA=ATAN(XDIF/YDIF)

ETX{K)=ETX{K-1)+AREM®SIN{ SA}

EYY{KI}=ETY(K-1)+AREM*COS(SA)
C CONDITIUNAL PRINTOUT

18 IF(JOT) 8,8,7
7 WRITE (6,103)SEM,AREM
NAL=KAHBB+1
WRITE (6,100)1{J,ATX{J),ATY(J)»J=1,NAL )
NAL=K-1
IFIKBF) 13,144,154
14 K=1
GO T0 15
13 K=2
15 NUM=1 .
CO 16 J=K+1CC
LQ{J)=NUM
1€ NUM=NLM+1
WRITE (6,102) (LQUJ)+ETX(J) JETY{J) ,J=K,NAL)
DO 20 J=1,100
20 RH{J}=C.
8 RETURN
1C0 FURMAT( 24H0OX-Y EMITTER COORDINATES //(7(1H I2,2H (F5.3,1H,F5.3,
* 2H) ) )3
102 FORMAT{28HOX-Y BEGIN TRAJ. CCORDINATES //(7(1H 12,2H (F5.3,
* LHyF5432,2H) )))
1C3 FORMAT (4 1IHOEMITTER ARC LENGTH , DELTA ARC LENGTH 2F10.5})
END
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C RTEST CHECKS ON THE UPPER AND LOWER BCUNDS

“w OV W N

ca

’

SUBRGUTINE RTEST

MMON AREM, ATX{51),ATY(51), AX, AY{51), BASE, CU{51),
CC, DCCy DELY, DXy EPSy ER(40), ETX(51),ETY{51)4H,IAS,JAS(20),JD

JOT, JT{3C00), KAB, KABB, KAN, KAT, KATT, KATL,

CUD(51),

KATZ2, KB(13),

KBA, KBBs KBFy KCH{51)s KRLs KT{1850), LAST, LB(2), LC(3),
NAJ, NPIT, NRD, NRL, NTy NTJs NURLy NXEP, PTX(99), PTY{99),

RCUI51), RH{3000), RHDOWN, RHUP, RIN, RX, SAUI(S51
SIZEs UL3000), UB13000), ULRHI3000),VA, VAT, VBT,
vY{51), XD, XEP, XK, XMP, XQM, XR, XT{1850),YEP

C KAN=TEST POINT

IFIKRLLEQ.NRL) WRITE{6,102)
RT=RH(KAN)
$X=1.C

C NO CHECK IF CURRENT DENSITY IS SPECIFIED

25
26
24
23

IF{KBB)25,24,25
IF{KRL) 19,2¢€,18
IF(MO) 1141911
IF{KRL) z2y23,22
IF{MO) 11,22,11

C FIRST TWO CYCLES SET UPPER AND LOWER BGUNDS

22

IFIKRL-NRL+1) 5,2,1

C RHUP=UPPER BCUND

1

2

RHUP=RT
GG TO 19
IF(RT-RHUP) 18,18,3

C RHCOWN=LOWER BGUND

3

4
C MO=+
C MO=-
C MD=0

o

[l Y0 B« s AT
-~ C

13

14
15

1
1

] 8]

Co

RHDCGWN=RHUP

MO=-MO

RHUP=RT

GO Y0 1S

+CHECK IS ON UPPER BOUND
+CHECK IS GON LOWER BQUND
NO CHECK

{F{MC) 10,19, 8

SX=S X¥R X

7 J=1yNT

RH{J)}=RE{J)I%=RX
IF(RFUP-RHIKAN)) €,9,6
IF{RH{KAN)-RHDOWN) 11,1¢&,16
IFI{RT-RHDOWN) #{RT-RHUP)) 16+16,11
POW=1.0/5X

12 J=1,NT7

RH{J)= 5% (RHIJIXPOW+URH (J))
KRL=1

JJ=NRL#+1

KBl{JJ)=117

KB{JJ+1)=717

WRITE (£,100)

IF{KBB.GT.0) GO 7O 15
IF(MO) 14,13,13

RHUP=RT

GO 70 15

RHDOWN=RT

MO=0

)' SEM'
VX{51},

¥a,
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L6
17

18
19

IF{MC) 18,19,17
RHUP=RR{KAN}

GO TO 19
RHUCKN=RT
XT{1)=.25%RHDOWN
XT{2)=.25%RH{KAN)
XT(3)=.25%RHUP

WRITE(6,101)XT(L) ) KANWXT(2) 4 XT(3) sKAN U {KAN)

IW=NRL-KRL+1
IF(KBUIW}) 21,21+20

C TROUT PRINTS CGUT THE RHS

20
21

100
101

102

62

*

CALL TRQUT

MO=-MO

KRL=KRL-1

RETURN
FURMAT{11HOR+=AVERAGE )

FORMAT{B8HORHDOWN=F11le794H RH(I4,2H)=F11.7,6H RHUP=F11.7,3H U(I4,

2HI=F1E.7}
FORMAT(Z6HOSTART CF PUISSCN SCLUTIGN

END

)



Se—— ]

C TRCUT PRINTS CLT THE RHS
SUBRGUTINE TROUT

COMMGN AREMe ATX{51),ATY(51), AX, AY(51), BASE, CU(51), CUDI(51),
1 O0Ce DCCy DELY, DXy EPSs ER{4G)y ETX(51)+ETY(51)+HsI1AS,JAS(20),40
2 ,J0T, JT{3C00), KAB, KABB, KAN, KAT, KATT, KAT1l, KATZ2, KB(13),

3 KkBA, KBB. KBF, KCH{51), KRL, KT{1850), LAST, LB(2), LC(3),
4 NAJ, NPIT, NRD,s NRLs NT, NTJ, NURL, NXEP, PTX(99}, PTY{99),
5
6
1

RCU(S51)s RHI3000)s RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SIZE, U{3C00), UB{300C), LRH(3000),vA, VAT, VBT, VXI511,
VY(51), XDy XEP, XK, XMP, XQM, XR, XT{1850).,YEP
IF(MO) 1+8,1
C NORMAL PRINT OUT
1 WRITE (6,100) NT
WRITE(6,104)
J=1
00 3 K=1.NT
XT(J )= ZE*%RH(K)
KT{Ji=K
J=Jd+1
IF{J-G) 2+2,2
2 WRITE [6,101)(KT{M)M=1,8),{XT{¥),M=1,8)

J=1
3 CONTINUE
IFtJ=-2) 7,444
4 DO 5 K=J»8
KT(K)=0
5 XT(K)=0.0
WRITE (64101 3(KT(M)yM=1,8),(XT(M},M=1,8)

7 RETURN
C FINAL PRINT CUT IS AVERAGE
8 WRITE {6,102}
WRITE(€E,1C3}
17 WRITE {6,1C03 NT
WRITE(6+1C4)
J=1
CO 10 K=1.NT
KT{J)=K
XT{J)=.125% [RHIK) +URHIK))
J=Jd+1
IF(J-S1 104+5,5
9 WRITE (64101 0(KT{M)sM=1,8){XT{M),M=1,8)

J=1
10 CONTINUE
IF{J-2) 7,11,11
11 DG 12 K=J,8
KT(K)=C
12 XT{K}=C.0C
WRITE {64101 )(KT(M),M=1,8),XT{M),M=1,8)

100 FORMAT(1+CI5, 10+ RH VALUES)
101 FORMATI1H 81S,8F1l1l.4)

iQ2 FORMAT(4THORHOLTPLT IS AVERAGE OF THIS AND PREVIOUS CYCLE
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103
104

64

FORMAT{27HOCONVERGED POISSGN SOLUTION
FORMAT(1+0,1CX,20H MESH PCINT NUMBERS
END

)
2»49X,10H RH VALUES



C TRCU CALCULATES THE CURRENT AT THE EMITTER AND INITIALIZES
C THE TRAJECTCRIES
SUBRCULTINE TRCU(KE,KED)
COMMON AREM, ATX{51),ATY(51), AX, AY(51), BASE, CU(51), CUDI(51),
£tCy CCC, DELYs DXy EPSy ER{4C), ETX(51),ETY(51),H,I1AS,JAS(20),J4D
»JOT, JT(3C00), KAB, KABB, KAN, KAT, KATT, KAT1l, KATZ2, KB{(13),
KBA, KBB, KBF, KCH{51), KRiL» KT(1850), LAST, LB(2), LC(3), NC,
NAJ, NP1T, NRD, NRL, NT, NTJ, NURLs NXEP, PTX(99), PTY (991},
RCU(51), RH(3000), RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SIZE. L{3000}s UB(3000)+ LRHI3000)sVA, VAT, VBT, VX(51),
VY{51)y XCy XEP, XKy XMP, XQM, XR, XT{1850),YEP
DIMENSION US(2)sUR(2)
XU=ABS [ XQM)
JE=KE
JED=KED
ALA=,2%H
ACAN=1.0
ISW=0
K=1
116 I5=C
LL=0
KK=K
C CHECK ON TERMINATED TRAJECTORIES
IFLAY(K)+1.0) 1641¢€,18
C CHECK ON UNINIALIZED TRAJECTORIES

- SON-

18 IF(KCH{K)) 20,15,15
20 IFLISW) 2242251
22 IFCAY(K)*ACAN) 1,1,19
19 IS=1

ISh=1

C CHECK IF TRAJECTORY CAN BE INIALIZED

1 IFLAX—ETX{K+1)—ALA ) 2142142
2 IFCAX~ETX{K+Z2})-ALA) 21,2145
5 N=—1

ACAN=1.G

KK=KK+1

TAS{ETX{KK—1)-ETXIKK}) )} /{ETYIKK-1)-ETYI[KK))
TB=(ETX{KK)-ETX{KK+1)}) /{ETY(KK)-ETY{KK+1))
TB=—.5%(TA+T8)

DE=ATAN(TB)

33 XX=ETY{KK)-TBXETX{KK)
J=1

3 N=N+1

4 JJ=J+N

TA=PTIY{JJ)-PTY{JJ*1l)
TC=PTX(JJI-PTX(JJ+1)
YY=TC*PTY(JJI-TA*PTX1JJ)
CPX=(TCEXX=-YY)}/{TA-TBXT()
CPY=XX+CPX*TB

1 IFIPTY(JJ+1)-CPY) 3,88
8 LL=LL+1
24 IFIAY(KK-1))S,9,10
C TRAJECTORIES INITIALIZED
9 AY{KK=1)=ETY{(KK)}+TB*{AX-ETX{KK))

ACAN=0.0



XA=AY{KK-1)/DX
JX=XA
JP=JE+JX
AD=JX
XA=XA-AD
UP=(1.C—XA)Y#U[JP)+XARU{JP+1)
V=SQRT{Z2.0%XQ* (ABS{VA-UP)))
VXIKK=1)=V*CLOS(DE)
VY{KK-1)}=V*SIN(DE)
10 UsS{iL)=CPX
URILLI)I=CPY
IF(K=NTJ) 12,111,412
£ C SPECIAL FOR LAST CURRENT DENSITY

11 HT=AREM+AREM
IF{LAST) 40,41,41
40 HT=0.C
GO 1O 43
41 KK=KK+1
LiL=2
26G us{2)= PTX{JJ+1)
UR[2)= PTY(JUJ+1)

PPX=oS%(ETXIKK=1I+ETX(KK) )}
PX= 5% (US{1)+US(2))
PPY=.5% (ETY{KK-1)+ETY{KK)})
PY= .S%(UR(1)+UR(2))

GC TO 31
12 IF(LL=-2) 5+413,13
13 HT=AREM
23 PPX=oS5% (ETX(KK~1)+ETX{KK)})

PX=o.5%(USI1)+US{2))
PPY=.5%(ETY{KK-1)+ETY{KK))
PY=o5%(UR(1)I+UR{2))

31 DEX=SQRT{(PX—PPX) %24+ (PY-PPY} %%2)
C CALCULATION OF CURRENT DENSITY
17 CUIK+1)}=HT/DEX*¥2%XK

CUDIK+1)=CUIK+1)/HT
IF(KBBJ42+,42+43

43 CU{K#+1)=RCU{K+1)*HT
CUD{K+1)=RCUIK+1)

42 SAU{K+1)=CU{K+1)
KCH{K)}=0

IFIK-1) 14,14,26
C SPECIAL FOR FIRST CURRENT DENSITY

14 DE=ETX(1)-ETX{2)

162 DE=-CEZ{ETY{1)-ETY{2))

104 XX=ETY{1)-DE*ETX{1)
J=0

110 J=d+1l

109 TA=PIY(J)-PTY(J+1])

TC=PTX{J)I-PTX(J+1}
YY=TC*PTY{J)-TA%PTX{J)
CPX={TCxXX-YY}/(TA-TCxDE)
CPY=XX4+(CPX®DE
107 IF(PTY(J+1)-CPY) 11C,1C8,108
108 PX=.5%{ETX{1)+ETX{(2))
PPX=o5%{CPX+US{1))
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111
113

TedrgeEae e Lo -

114

45

44

118

115

47

46
26
21

PY=L5*%{ETY(L)+ETY{2))
PPY=,.5%{CPY+UR(1))

DEX=SQRT{(PX-PPX)**¥2+{PY-PPY) *%2)

HT=2.0%AREM
IFIKBF) 115,115,113
HT=.5%HT

NTJ=NTJ+1
NAJ=NAJ+1

JR=NTJ

DO 114KL=2,NTJ
SAULJR+1)=SAU{JR)
CUD{JR+1)=CUD(JR)
RCU{JR+1)=RCUIJR)
CUCJR+1)=CU(JR)
AY{JR)=AY(JR-1)

VY {(JRI=VY{JR~-1)
VX{JR)I=VX{JR-1)}
KCHUJR)=KCH{JR~-1)
JR=JR-1
RCUL2)=RCU(1)
RCU{l)=0C.0
Cub{1)=0.0
Cu(li=C.0

CUL 2)=RT*XK/DEX*%2
Cub(2)=CU(2)/HT
IF(KBB)44,44,45
CU{2)=HT*RCUI(2)
CUp(2)=RCUl2)
SAuUtll=Ccutll)
SAU{Z2)=CUu{2)
AY{L)=ETY(1)4DE*(AX-ETX(1)}
TB=ATAN(DE )
XA=AY(1)/DX

JX=XA

JP=JE+JX

AD=0X

XA=XA-AD
UP={1.0-XA)*U(JP}+XA*XU(JP+1)

V=SQRT(2.C*XQ*ABS(VA-UP))

VX{1)=vkCUS{TB)
VY(1)=Vv:SIN(TB)
K=K+1

J=51

0O 118 I=1,%0
ETX{JI=ETX{J-1)
ETY{JI=ETY(J-1)
J=J-1

GO TO 2¢
CUL1)=HT*XK/DE X*%%2
CUDIL)=CLILL}/HT
IFIKBB)4£, 46441
CU{1)=HT®*RCU{1)
CuD(13=RCUI1)
SAU{1)}=CU(1l}
CONTINUE

IF{1S) 1€.,16,415
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C TRAJ
15
16

117

68

CALCULATES THE TRAJECTORIES AFTER THEY HAVE BEEN INIALIZED
CALL TRAJ(K,JE,JED)
K=K+1
IFINTJ-K) 117,116,116
RETURN
END



SUBROUTINE CALR{KE.KED)
COMMUN AREM, ATX{51),ATY(51), AX, AY{51), BASE, CU(51), CUDI(51},

1 EC, DCC, DELY, DXy EPSy ER(4C)y ETX{51),ETY(51)4+H,IAS,JAS(20),JD
2 +J0OT, JT(3C00), KAB, KABB, KAN, KAT, KATT, KAT1l, KAT2, KB(13),
3 KBA, KBB, KBF, KCH(51)y KRL, KT(1850), LAST, LB{(2}, LC{3), MO,
4 NAJy, NPIT, NRDy NRLs NT, NTJ, NURL, NXEP, PTX(99), PTY(99]),
5 RCU{S51), RHL300C), RHDOWN, RHUP, RIN, RX, SAU{51l), SEM,
6 SIZE, U(3C00), UBI(3000), LRH{3000),VA, VAT, VBT, VXI(51),
7 VY(51), XDy XEP, XKy XMP, XQM, XR, XT(1850),YEP

JE=KE

JEU=KED

SWA=0.0

DU 33 JJ=1,NAJ

J0=0

J=JJ

C TFCU(J)=0.,NO CONTRIBUTION

IF(CUlJ)) 323,33,1

C IF CUL12,SPECIAL

8

W N e

39

40

-~ O

IF(J —-1) 2,2+5
IFIKCH{J)) 444.+3
IF(VY(J)) 35,4,4
HT=2.0%{2.C%*RIN-AY{(J])
NA=JE
NB=JED
WA=VX(J)
WB=WA
JO=1
IF{ SWA) 39,39,4C
SWA=1.C
XH=AY{J)-2.0%¥RIN
YL=—XH
GO TO 23
SWA=0.C
XH=AY{J)
YL=XH+HT
GU TO 23
HT=2.0%AY{J)
XH=—=AY{J)
JX=AY{J)/DELY+1.0
NA=JE
NB=JX+JE
WA=VX{J)
WB=WA
YL=AY{(J)
GO 10 23
CUINAJ) +SPEC IAL
IF{J-NAJ) 94€,33
IF(KCF{J—-1)) 8,8,7
J=Jd-1
IFIVY(JJ-1)) 8,22,22
FT=2.0¥(RIN-AY(JJ-1))
XH=AY{JJ-1)
YL=XE+HT
JX=AY{JJ—1)/DELY
NA=JX+JE
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NB=JED
WA=VX(JJ-1)
WB=WA
GO TO 23
9 IF(KCH{J)) 11,34,34
C IF TRAJECTURIES HAVE REFLECTED,ADD IN MIRROR IMAGE
34 IF(KCRI{J=1)1-KCH{J}} 10,11,15
10 JO=1
IF(VYT{J4)) 19,1&,16
11 HT=AY{J)-AY{J-1)
IF(HT) 12+12,13
12 HT=-HT
XH=AY{(J)
JX=XH/DELY
NB=AY(J-1)/DELY+1.0
WA=VX{J}
WB=vx{J-1)
GO TO 14
13 XH=AY(J-1)
JX=Xk/GELY
WA=VX1{J-1)
WB=VX{J)
NB=AY{J)/DELY+1.0
l4a NA=JX+JE
NB=NB +JE
YL=XH+HT
GO 10 23
15 Ji=1
IF(VY(J-1)) 19,189,116
16 HT=AY{J)+AY(J-1)
NA=JE
IF{SwA) 17,17,18
17 XH=—AY{J-1}
YL=AY(J]
JX=YL/DELY+1.0
NB=JX+JE
WA=VX(J-1)
WB=VX{J)
SWA=1.0
GO 10 &3
18 SWA=0.,0
XH=—AY(J)
YL=AY(J—1)
JX=YL/DELY+1.0
NB=JX+JE
WA=VX1{J)
WB=VX{Jd-11}
GU 10 23
19 HT=RIN+RIN-AY{J)-AY(J-1])
NB=JED
IF{SWA) 20,20,21
20 SWA=1.0
XH=AY{(J)
YL=RIN+RIN-AY(J-1)
JX=XH/DELY
NA=JX+JdE

70



WA=VXI(J)
WB=VX{J-1)
GO 10 23
21 SWA=0.0
AH=AY(J-1)
YL=RIN+RIN—-AY({J)
JX=XF/DELY
NA=JX+JE
WA=VX{J-1)
WB=VX{J)
GO 10 23
22 RT=2.0%{RIN+AY(J})
JOo=1
NA=JE
NB=JED
WA=VX(J)}
WB=HWA
IFISWA) 27,377,338
37 SWA=1.0
XH==AY(J)
YL=XH+hT
GO TG 213
38 SWA=0.0
YL=AY{J)
XH=YL-hT
23 DO 32 K=NA,NB
XA=K-JE
IF{XA.LE.QL.) JU=J-1
25 XUD=(XA-.5)*DELY
26 XX=XUD+DELY
YU=AMAX]1 {XUD ¢ XH)
YO=AMIN1{XX,YL)
IFLYD-YU) 32,32.,27
27 XA=.5%(YD+YU)
W=WA+{ XA—XH ) *{WB—WA) /HT
IF(K-JED) 29,28,28

28 JU=NAJ-JJ
29 IF(JuU) 21,31,30
30 IF{J40) 26436,31
36 W= 5%HW
C CALCULATION OF RHS
31 RHIK}=RHIK)+(YD-YU)I*CU{JJ)Z7{HTx W)
32 JU=0
IFISwA) 22,33,1
33 CONT INUE
ReTURN

END



{ ATRCU CALCULATES THE TUBE CURRENTS ANC CALCULATES
THE TRAJECTCRY COUORD AND VELOCITIES IN SuB TRAJ

C

116

SO D W N e

SUBROUTINE ATRCU (KE,KED)

C CHECK ON TERMINATED TRAJECTORIES

IFTLAYI{K)+1.0) 16,1¢€,18

C CHECK ON UNINIALIZED TRAJECTORIES

18
20
22
19

IF(KCH{K)} 20,15,15
IF{ISW) 2242241
IFIAY{KI*ACAN)
IS=1

ISW=1

1,1,16

C CHECK IF TRAJECTORY CAN BE INIALIZED

1
2
5

33

S W

7
8
24

IF(AX-ETX{K+1)-ALA ) 21,21,2
IF(AX—ETXIK+2)-ALA) 21,21+5

N=—-1

ACAN=1.0

KK=KK+1
TA=(ETX(KK=1J~ETX(KK) ) /{ETY(KK-1LI-ETY{KK})
TB={ETX{KK)—ETX(KK+1))/ (ETY(KK}-ETY{KK+1))
TB=—.5%{TA+TB)

DE=ATAN{TB)}

XX=ETY(KK}-TB*ETX{KK)

J=1

N=N+1

JJd=J &N

TA=PTY(JJ)}-PTY(JJ+1)}

TC=PTX(JJ)~-PTX(JJI+1)
YY=TC*PTY{JJI-TAXPTX{JJ)
CPX={TCk*XX-YY)}/(TA-TB*TC)

CPY=XX+CPX*TB
IF(PTY(JJ+1)-CPY)
LL=L1l+1
IFIAY{KK~=1))9,5,10

3,8,8

C TRAJECTORIES INITIALIZED

9

72

AY(KK—1)=ETY{KK)+TB*{AX~-ETX(KK))
ACAN=0.0

COMMON AREM, ATX(51)},ATYI(S51), AX, AY(51), BASE, CU(51}, CUDI(S51),
6C, DCC, DELY, DX, EPSs ER{(4C)y ETX{(51),ETY{(51),H,I1AS,JAS(20),4D
»JOT, JT{3000), KAB, KABB, KAN, KAT, KATT, KATL, KATZ2, KB(13),
KBA, KBB, KBF, KCH{51), KRL, KT(1850), LAST, LB{(2}, LC(3), MO,
NAJ, NPIT, NRD, NRL» NT, NTJ, NURL, NXEP, PTX{99), PTY(99),
RCUT51}, RH{3000)y RHDOWN, RHUP, RIN, RX, SAU(51), SEM,
SIZEy UIL3000), UB{3000), LRH(3000),VvA, VAT, V8T, VX{51),
VY{51)s XDs XEPs XK, XMP, XQM, XR, XT{1850),YEP
DIMENSICON USt2),URI{2}
JE=KE
JED=KED
ALA=,2%hH
ACAN=1.0
XQ=ABS{XQM)
ISW=0
K=1
1S=C
tL=C
KK=K
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10

11

40

41

29

12
13
23

31

XA=AY{KK-1)/DX

JX=XA

AD=JX

JP=JdE+JX

XA=XA-AD
UP=(1.0-XA)*U(JPI+XAXU(JP+1)

V=SQRT(2.C*XQ*¥ABS{VA-UP})

VX{KK=1)=V*¥COS{DE)
VY{KK—1)=V*SIN(DE)
US(LL)=CPX
UR({LLI)=CPY
IF{K-NTJ) 12,11,12

C C SPECIAL FOR LAST CURRENT DENSITY

HT=AREM+AREM

IF(LAST) 40,41,41

RR=0.0

GO TO 45

KK=KK+1

LL=2

uste)= PTX(JJ+1)

UR(2)= PTY{JJ+1)

PPX=.5% (ETX{KK-1)+ETX{KK})
PX= .5%(US(1)+US{2))
PPY=oS5%{ETY(KK-1)+ETY{KK))
PY= 5% (UR{1)+UR(2)]}

GO T0 31

IF{LL-2) 5,13,13

HT=AREM

PPX=o5% [ETX{KK-1)+ETX(KK})
PX=a5%{USI1)+USIL2)}))
PPY=.5%(ETY{KK-1)}+ETY{KK))
PY=.5%(UR{1)+UR{2))

DEX=SQRTI(PX—PPX)%%2+{PY-PPY}*%2}

C CALCULATION OF CURRENT DENSITY

17

45

44

RR=BASE-PPY
RR=6.,28321853%RR
CU{K+1)=AREM/DE Xx&¥2%¥XK*RR
CUDIK+13=CU{K+1)/{RR*AREM)
IFIKBB)44y 44445
CUlLK+1)=RCUIK+1)*RR*¥AREM
CUD(K+1)=RCU{K+1}
SAULK+19=CU(K+1]}

KCHIK)=0

IF{K-1) 14,14,2¢

C SPECIAL FOR FIRST CURRENT DENSITY

14
102
104

110
109

107

DE=ETX(1)-€TX{(2}
DE=—-CE/{ETY(1)-ETY(2))
XX=ETY{1)-DE*ETX(1)

J=0

J=d+1

TA=PTY(J)-PTY(J+1)
TC=PTX{(JI-PTX(J+1}
YY=TC:*PTIY(JI-TA*PTX(J)
CPX=({TCkxXX-YY) /(TA-TC*DE}
CPY=XX+CPX*DE
IF{PTY{J+1)-CPY) 110,1CE€,108
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108 PX=o5% [ETX{L)4ETX(2))
PPX=,.5%{LPX+USI(1))
PY=,5%(ETY{LI+ETY{2))
RR=BASE-PY
RR=6.28231853%RR
PPY=.5%¥{CPY+UR(1))
DEX=SQRT{{PX-PPX})*¥2+{PY-PPY)}*%2)
NTJ=NTJ+]

NAJ=NAJ+1

JR=ENTY

DU 114KL=2,NTJ
SAUTJR+1)}=5AULJR)
RCULJR+1)=RCU(JR)
CUDTJR+13¥=CUD{JR)
CULJR+1I=CUL IR}
AY{JRI=AY(JR-1}
VY (JR)I=VY{JR-1)
VX{JR)=VX{JR~-1)
KCH{JR)I=KLH{JR-1)

114 JR=JR~1
RCUTZ)=RCUL])
RCUL1)=0.0
CUD{1)=0.0
Cutl)=c.0
CUl2)=AREMEXK/DE X¥¥2%RR
CUD(2)=CU(2)/(AREM*RR)
IF{KBB )42,42+43

43 CULZ2)=RCU(2)*RR*AREM
CUBLZ2)=RCUL2)
42 Saulli=Ccul1l

SAU(23=CU{ 2]}

AY{LY=ETY{ 1)+DEX{AX-ETX{1))

T8=ATANI{DE)

XA=AY{1) /DX

JX=XA

JP=JE+IX

AD=JX

XA=XA-AD

UP={1.C-XAI*U(JP)+XA%XU(JP+1)
V=SQRT{2.C*¥XQ*ABS(VA-UP))

VvX{1)=v*C0S1{718)

VY{1)=V*SIN{TB)

K=K+1

J=51

DO 118 I=1,5C

ETX{JI=ETX{J-1)

ETY{U)=ETY{J-1)

ii8 J=J-1
26 CUNT INUE
21 IF{IS)Y 16,16,415
C ATRAJ CALCULATES THE TRAJECTORIES AFTER THEY HAVE BEEN INIALIZED
15 CALL TRAU{K,JE,JED)
16 K=K+1
IF(NTJ-K) 117,116,116
117 RETURN
END

74




C ACALR CALCULATES RHS FOR AXISYM CASES
SUBRUUTINE ACALR (KE,KED}

COMMON AREM, ATX{51},ATY(51), AX, AY(51), BASE, CUI(51), CUD(S51),
bC, DCCy DELY, UXs EPSy ER{40), ETX(51),ETY(51)4H,IAS,JAS(20),4D
»JUT, JT(3C00), KAB, KABB, KAN, KAT, KATT, KATLl, KATZ2, KB{(13),
KBA, KBB, KBF, KCH{51}, KRLs KT{1850), LAST, LB(2), LC{3),
NAJ, NPI1T, NRD, NRL,y NT,y NTJ, NURL, NXEP, PTX(9G), PTY(99),

RCU(51)y RH(300C), RHDUWN, RHUP, RIN, RX, SAUIS1), SEM,
SIZE, U{3CC0), UBI(3C00), LRH{3000),VA, VAT, VBT, VX(51),
VY(51)y XDy XEP, XK, XMP, XQM, XR, XT(1850),YEP
DATA PI/3.1415S27/
JE=KE
JED=KED
SWA=0.0
B0 33 Jd=z,NAJ
Jo=0
J=JJ
C IFCULJ)I=0.,N0C CONTRIBUTION
IF{CU(J}) 33,33,5
C IF CUINAJ),SPEC 1AL
5 IF{J-NAJ) 9,6,33
6 HYI={RIN-AY{JJ-1})
XH=AY{JJ-1)
YL=XH+HT
JX=AY{(JJ-1)/DELY
NA=JX+JE
NB=JED
WA=VX(JJ—-1)
WB=WA
GO TO 23
g IF{KCH{J)) 11,34,34
C IF TRAJECTORIES HAVE REFLECTED,ADD IN MIRROR IMAGE
34 TF{KCETIJ=1)-KCHI(J)) 19,511,165
11 HT=AY (J)=-AY{J-1)
IF{HT) 12,12,13
12 HY=-HT
XH=AY{J)
JX=Xk/DELY
NBE=AY{J=1)/DELY+1.0
WA=VX(J)
WB=vX{J-1)
GO TC 14
13 XH=AY{Jd-1)
JX=Xk/CELY
WA=VX(J-1)
WB=VX{dJ)
NB=AY{(J)/DELY+1.0
14 NA=JX+JE
NB=NB+JE
YL=XH+HT
Gy TGO 23
15 ET=R IN+RIN-AY(J)-AY{J-1)
Jo=1
R1=BASE-AY{(J)
R2=BASE-AY([J~1)

~NO U W e
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20

21

23

41

26

76

25

27

46
45
32

33

NB=JED

IF{SwWA) 20,20,21
SHA=1.C
FA=R1%%2/[R1*%2+R2%%2)
XH=AY{J}

YL=RIN

JX=XH/DELY
NA=JX+JE

WA=VX{J)
WB=vX{J-11

GO T0 23
SWA=0.0
XH=AY(J-1)

YL=RIN

FA=RZ¥¥Z/{R1¥¥24R2%%2)
JX=XH/DELY
NA=JX+JE

WA=VX{J-1)
wB=vX(Ji

DO 32 K=NA,NB
XA=K-JE
XUD=(XA-.5)%DELY
XX=XUD+OUELY
IF(K-JED) 25.26426

XX=RIN
IFIBASE.EQ.RIN) GO TO 25

XX=XX+,5%DX
IF{XXsGT.BASE) XX=BASE
YU=AMAX1 {XUD¢XH)
YO=AMINI1{XX,YL)
IF(YD-YU) 32,32,27
XA=,5%{YD+YU)

W=WA4 (XA=—XH)* (WB-WA}/HT
YU=BASE-YU

YD=BASE-YD
AD=YU%%2—-YD**2

AT=2,0%BASEX{YL—XH)+XH**2-Y[ #%2

XX=BASE-XX
XUD=BASE-XUD

AC=P I % XUD**2-XX*%*2}
IF(J0) 45,45,46
AD=AO0*FA

RH{IKI=RE(K)+CU(JJ I *AD/(AT*AC*NW)

CONTINUE
IF{SWA) 23,33,¢
CONTINLE

RETURN

END



APPENDIX D

FLOW DIAGRAMS

Flow diagrams (figs. 7 to 28) and brief explanations of all the sections of the program
and various subroutines, as shown in figure 3, are presented in this appendix. Some of

the nomenclature used herein is further defined in COMMON STATEMENT SYMBOLS
(appendix B) and/or in the section Input Data Preparation.

LINKO
Toon =1, 19638 °1 2 3
Initialize Call CHN14 Call CHN12 Call CHN13 to
common for data to calculate calgulate.
area to inputand [ | potential | ] ;;aéesctrajzées
zero initialization field charg[()a density

No
(NURL>0)

Yes
(NURL< Q)

Is
problem
converged

Figure 7. - LINKO is used as the Main Program to transfer control between the potential
field calculation and computation of the ion trajectories and space-charge density.

() Notation to indicate repetitive operation (FORTRAN DO loop). “(These numbers
correspond to FORTRAN statement numbers in appendix B.)

MATRIX

DO10J=4 M3 DO11J=1,M,3
9 Compute new Completion of
IEN<1 N>1 diagonal and process of
Enter Initialize nothing to Initialize above-diagonal Initialize solving for y
compute elements for which is stored
B and new X in x array
N<1
12
Return

Figure 8. - Subroutine MATRIX solves by Gaussian elimination the matrix equation By = x for the vector y, where B is a tri~
" diagonal matrix of order N storedinan Nx3 arrayand x isagiven Nx1 column vector.
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CHN14

DO1J=15

Read and

Read ) - A — Read problem Read problem
Enter sp:cifgngi:rTs 1 Initialize arlandtiflve Initialize specifications |~ Initialize —wf specifications
eacing {JAS) (AW, VA, H)
cards
35 No Read problem
(KBB < 0) Is ™ ' prob
Call XTCAL — < current density Initialize |e—] f\%‘;‘f'%}"”s Initialize
to calculate specified . VBT,
Read Read ficient SIZE)
y-emitter x-emitter || coefticien
coordinates coordinates welggpt‘st 3 Yes (KBB >0}
ATY's) (ATX's) Zqurf inite
! ertgnce | Read current
equations densities (RCU's)
40, 2 3,37 30, 4 34 12 Vo <XR SO)
No (kAT -0 UpperEtr > Is.oweret 3[11'!tslat]1)lze foalalsiiTQ:I:T Read XR 10 be ®2
symmetry ymmetry — !
test test zero JT types data (XR) calculated
1 No 13
Impingement 14 (0<XR<D Call EVC to
to be checked calculate
tcoalrlegéjsr?s Only boundary XR
I values
18 boundary values
Yes (KAT %0) i Initiali — WNPIT-0 Potential
Return nitiatize | 27 field input
. . t Cal! BCREAD to
Read impingement read in all values

coordinates (ER's)

from binary cards

Figure 9. - Subroutine CHN14 is for data input and initialization.

All values (NPIT>0)

Call EXIT

(NPIT<O)



R

Print
heading

Two dimen=
sional or axially
symmetric

Axially

Two
dimensional
(IAS<0)

symmetric
(IAS > 0)

to up coefficient plus  [(ISW =
down coefficient and
set down coefficient

equal to zero

!

-1)

derivative in
vertical direction

(1ISW = 1)

XTCAL
DO10J=9,N,5
1 14
Set normal No Set
derivative Calculate | | Read relative Calcutate ™~ XF1<0) | yr - xp1
switch to off [~ indices to -] subscripts coefficients  and store
ISW = 0) be used and distances coefficients
KEL =0 Yes (XF1>0)
15 =
| Scale distances
by mesh size
Normal
Yes derivative in
vertical direction
16
Normal XF5 = XF1
derivative 19 + XF3
up XF3=1
No  |ISW=-1
Normal
derivative in Yes
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direction
23
KEL =1
XF6 = XF2 Nor mal
+ XF4 derlv.atlve to
XF4 =1 right
¥ KEL = -1]" No
Calculate
coefficients
20 21
Set up coefficient equal [ Down Nor mal up Set down coefficient

equal to down
coefficient plus up
coefficient and set
up coefficient to zero

y

26

Set right coefficient
equal to right
coefficient plus left
coefficient and set left
coefficient equal to zero

derivative in

21

Normal
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direction

Set left coefficient
equal to left

coefficient plus right
coefficient and set
right coefficient to zero

No

¥

\
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-

Pri

n =
refative subscripts

nt coefficients
a .

12
I Return I

Figure 10. - Subroutine XTCAL calculates the coefficients in the finite-difference approximation to Poisson's equation,
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DO11J=9,N, 5

Set indices

to be used
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subscripts
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Normal
derivative to
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Normal
derivative in
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direction

Yes
KEL = -1
[ xre -
29 ] ™I XF2 + XF4
XF2 = 1
KEL - 1
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Calculate
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7
Calculate No (XF1<0) | Set XF1=-XF1
coefficients > and store
coefficients
Yes (XF1>0)
9
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by mesh size
6
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Normal

derivative in Normal

derivative
up

Set up coefficient
zero and calculate
coefficients

Calculate
coefficients

32

Set right coefficient
equal to right
coefficient plus left
coefficient and set left
coefficient equal to zero

¢

coefficient

to zero and
calculate other
coefficients

fo

31

derivative in
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direction

Right
(KEL = 1)

Left
(KEL = -1)

Set left coefficient
equal to left coefficient
plus right coefficient
and set right
coefficient to zero

80

Print coefficients

}

_and .
relative subscripts

12
Return

Figure 10, - Concluded.
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Two
dimensional or

JTINT

Not
Boundary ~\Poundary

point y

Boundary point

must

form
pDO9OL =1, JD

JE

correct form

Correct

axially
symmetric Two
dimensional
Axially IAS <) 60 DO110J -1, JA
symmetric 50 -
Read JA Set J8 /Read T
(number of =+ 4, 0 data
data cards) l DO 10K =1 KA
(card repetition)
Set KC P
tol 70
JD = number (EJBd 10
of points of End of <0 Txe -1
type number card test boost KA
£ KB (KC + 1)
Not end
(ID>0)
80
JE = type
JFF =] JE]| e number to
be assigned

be of

Incorrect
form
111

Store type

KC = number in JT
1 KC + 2 array by columns
and boost JB

Print out
information
and terminate
problem

\

Figure 11. - Subroutine JTINT sets up the JT-type array.
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JP = number of points
per line

JC = total points plus 1

JK=1

D =JK J

JTINT

DO11J=1, JA

7

Read JE = number of mesh End of \
type data [ points to have type card test

KC =1 number KB (KC + 1}

No

Yes [k =k +1 IFF = | {9 = type| [Boost
ID=JK [ JF| number J

Not end
(JE>0)

12 8

DO9L=1, JE
113 Boundary
Store type '\ yes™_point
number in
KC =KC + 2 JT array by No
rows and IF
boost JD of correct
Yes form
111 No

Print information
and terminate
problem

31

Return je— Read BASE [

Figure 11. - Concluded.



© TR TR e

Eve
DO 22 KK =1, 1000

(Do a maximum of 1000 iterations)

D03 D08
J=1, NT JD =1, NT
e P D029 ML =1, NLIN
Initialize Initialize (Iterate on all vertical mesh columns)

arrays to first guess at

zero eigenvector

[

1 KZ = first mesh h doints and
| 1 oint on line mesh points an
Initialize KC = Iz?st mesh set up block matrix
point on line corresponding to
this line
DO 34K =KZ
29  KC A

Boost Store answer Call MATRIX
ML in correct to invert this

l location block matrix

AN —
. DO 14K =1, NT
Ratio No ratio

DO 38K = KZ, KC

Calculate relative

(Js>0

Initialize

ratio Ratio test

Store
intermediate
iterates

(JS <0

Boost KK

JS=-JS

DO 20 DO 21 Not
D=1, NT JD =1, NT converged
Calculate Scale
minimum and eigenvector Convergence
maximum by largest test
ratios component
Converged
In i
bounds Print Calculate Print
, check on spectral spectral spectral convergence <
radius radius data

Out of
bounds

Terminate
problem

Figure 12. - Subroutine EVC calculates the spectral radius of the iteration matrix. The spectral radius is solved
by a minimax process and as the matrix is two-cyclic, the ratio is calculated every other iteration.

Read seven value to boundary points
potential of JT-type 0, second Return
values potential to those of

GUESS

DO1J=1,NT
Assign first potential

JT-type 1, etc.,

Figure 13. - Subroutine GUESS reads in potential values and assigns
them to the proper boundaries.
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DO 23NN =1, NURL

CHN12

1
Start Set residual
relaxation to zero
factor at 1 ML=1
ML =2

Store .
upper bound

NT

DO26]J=1,

Suppress
space charge

25

Record total
suppression
and print
bad mesh
point data

DO29LL =

ML, NLIN, 2

2 (lterate by rows, first doing odd, then even)

( Set first
and last mesh

&l point numbers

DO 38K =KZ, KC
(Set up matrix equation for this column}

i

Special formula
to calculate
relaxation factor

General formula
to change
relaxation factor

Even lines
calcelated

Boundary
points to be
calculated

Calculate

Yes

DO 28 J =2, KNUM

boundary points

overrelaxation
factor and store
largest absolute
change

f\\
\

Calculate
JU=1Jv=-1 relative
(Initialize subscripts
counters) 31
Enter Enter matrix
identity coefficients
38 elements
Boost
i index < Top
; point, or no odd
Call MATRIX boundary
to solve for
potential values
on this column Set upper
‘ matrix entry
—Y to zero and
Initialize 35| 4 change right
index side
S.tore Yes
DO 34K -KZ, KC ;:]gdh:);gf point, or no odd
Apply index boundary

Set lower matrix

\

entry to zero and
change right side

Potential
converged

23

Boost NN
t and repeat
iteration

Potential JN =
above emitter

potential

point

of test

index Any

test points

28

Call TEST

Continue

= for print and
cycle test

/

| Yes
24

Number- of

test points

Return

Figure 14. - Subroutine CHN12 calculates the potential field distribution.




No

Poisson
print out

Yes (MO =0Q)

10

Print headings,
set trajectory
print switch,
set NURL = -77
to end problem

(MO *0) heading and

TWouT

2 DO4K =1, NT

Print Print mesh point
numbers and

convergence corresponding
parameters potential values
DO 11
J =1, NT

Potential field
is average
of this and
previous value

Figure 15. - Subroutine TWOUT is used to print out the potential field.

Initialize

Return

Return

TEST
1
Punch potential field
First Yes | on binary cards and set
cycle number of iterations
on potential field to 60
No
2
Calculate

cycle number

3

Call TWOUT to print
potential field and
EQLINE to calculate
and print equipotential

Yes

7

Set data to
Exceeded terminate
cycles program

Figure 16, - Subroutine TEST controls printing of potential field and terminates

program if maximum number of cycles to converge on RH is exceeded.
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K =XK
+ 12

[

£OLINE
SUM = length of
region
XK =1
1 RIN < 100
Yef co | itielize | o 3 No g MLEY e 4
Equipotentials ~\S!ZE potential || rint Rk -
to be calculated value heading and [™ 199 #px
(POTEN) initialize Yes
RIN > 100
No {SIZE = 0) or >
21 _ 2 SUM> 100
RIN =
= Ret
RIN/XK Return DX = 10 DX DX = DX/10
SUM = 10 SUM SUM = SUM/10 No
Yes RIN = 10 «RIN RIN = RIN/10 K=1
i \ XK =10 #XK XK = XKI10 2 '
- 0 iy
out of range » [nitialize
D022 J} =1, JC (Loop on mesh celumns)
33
Step KS is switch for
vertical (0) or DO 19K =JE. JED
PO,TEN horizontal (1) !
i interpolation / N Horizontal 7
(i = 5 ertica K =1 J = mesh
ves (L= 1) ARy is‘ or horizontal point to
All values y-coordinate on interpolation left
printed b mesh column Vertical
No(L>D) n_1 g ¢ K0 J
KS =0 T POTEN No
bo2da JJ=L,6 JE=JE+1 . between U(J) and
23 — point above UK)
Set remaining

x-y coordinates
to zero

Print one line of
x-y coordinates

(KS =1

Horizontal
interpolation

91 (KS =0)
Boost JE,

JED, AX, JJ

10

DIF = [ - UC(Kﬂ

11

Horizontal
or vertical
interpofation

Vertical
(KS =0
12

y-coordinate is AAY
and interpolate for
x-coordinate

14

Horizontal
(KS=1)

x-coordinate
=AX + DX and
interpolate for
y~coordinate

Yes

Store
coordinate
of U(K)

Print out
one line of
x-y Coordinates

18

Boost
AAY, K

Figure 17. - Subroutine EQLINE calculates and prints equipotential lines.
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NPIT =

| NPIT + 1
Print heading
and initialize

DO35J) =1, NT

Store potential
and RH values
for averaging

CHNI3

DO 1
J=151

Initial ize)—-»Qn itial ize)—»

NPIT =0
D022 JN=1, JC
JED = fower mesh
point number of line
Call ATRCU to 7 i
calculate current | ves Axiall
density for axially symmetryic Ef)coc?;rd' i
symmetric Inate
problems \
(! 0
10 l
Call CORRCT Call TRf(ljJ to _ctalcfulate
to calculate  f— tcur_r(f’e_n en;l yI or
impingement wo-dimensiona
’ problems

Print trajectory
coordinates

Sum tube

grid

Initialize

Initialize
RH to zero

18
Print
trajectory
coordinates
48
Call CALR to

calculate RH for
two-dimensional
problems

‘

Axially Yes

symmetric

currents at second

DO 1190
J=1,9% Call PEQ to calculate
NJT = | | equipotential line | i
NTJ for current density
calculation
2

Initialize

Axially
symmetric

Change multiplication
factor of RH

| Calculate

Call ACALR to
calculate RH for
axially symmetric
problems

!

Multiply RH
by constant

22

print index

Current density
specified

207

Reset NTJ |
and JOT

Initialize

DO 198

Calculate
thrust
and power

AX=0
Initialize

calculate
emitter
trajectory

Call ARC to

coordinates

Print
heading

Print

heading for
trajectory

Reset
RCU's

32

Call RTEST to

check limits
on RH

Calculate impingement
percentages for grids
and print values

i

Print thrust

and power with
appropriate heading
for axially symmetric
or two dimensional

Print emitter current
distribution, current
density distribution,
and total emitter
current

DO8 L 1=1 NAJ

Boost JE /' >

Sum emitter
current

Figure 18. - Subroutine CHNI3 coordinates the trajectory calculation and space-charge-density-function calculation.

817




TRAJ

JE = mesh point number at top of fine

Enter JED = mesh point number at bottom of line

K =trajectory number

AD = normalized y-distance to trajectory on left side
JX = mesh point number increment on left side

XA = distance of trajectory from mesh point on left side
UL = interpolated potential value on left side

UK = interpolated potential value on right side

Boost JX, JQ and
recalculate XA

Top
mesh point

Yes
15 3 1 6
JP = JE 4 X - - Calculate Calculate Calculate
< calculate right Reaaﬁjcxmate i )Jgé B _;’:é derivative derivative derivative
side derivative on left side on left side on left side
Ahove top Return
T mesh point ‘ 1 1
Ahove bottom | Below hottom X <0 8 — !
mesh point mesh point DY = increment on
(X <D - 1) UX>I0 - 1) JXo=0x -1 right side (first
XB=XB+1 approximation is Boost reflection Terminate
No 3 slope of trajectory) counter trajectory
JOX = save initial , ?
4% i ii’:r"]" top , value of JX >
nesh poin I
Yes UX = | Ux>0) ! Qif,;to it
No ‘ n-n | 12 s y-velocity
Yes| 18 XB = distance of " t Yes
IP = JE + X Trajectory trajectory from
ca!culéte ! siopes up mesh point on Reset Axially
right side right side y-coordinate symmetric
derivative 17 No (J5>0) ]
Y No
0 PO ! Four Trajectory
calculate right Iiterations reflected through
'R 1[ )s(lge df;;gvlahve vrEE— completed bottom 2
XB =1-{XB =1 .
J X =X+ 1 Ves (JS = 0) Reset
i ¥ 21 y-coordinate
2 Trajectory Trajectory Yes
1Q = left side Calculate potential difference; attempts to turn reflected through
mesh point calculate new x-velocity; Yes back No top
USN = left side Ll calculate time to move from left __J 29
potential line to right line; 2 Store
UQN =right side calculate y-acceleration; Print x-velocity;
potential calculate y-increment of length identification |4 calculate
quantities y~-velocity and
y-coordinate

Figure 19. - Subroutine TRAJ calculates the trajectory velocities and coordinates.
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JN = mesh

column
number

| Return }—‘ jj

87

CORRCT

column in first
electrode

column in second Return

Calculate index
of impingement
coordinate

Calculate index
of impingement
coordinate

DO 64 [ K=1,NTJ
87

Trajectory
terminated or not
impinging

Trajectory
initialized

Boost K

11

No | Store

trajectory

coordinate Yes
Set first tube
current to zero

First
trajectory or K
minus first trajectory
Yes terminated No

Calculate tube width,
scale tube current
and velocities by
overlap, and reset
trajectory coordinate

trajectory or K plus
first trajectory will

Yes

to zero

Terminate trajectory
and set tube current

No

14

Impingement
coordinate equal to
width of region

Yes

Impingement
coordinate equal to
width of region

No

Calculate tube width,
scale tube current
and velocities by
overlap, and reset
trajectory coordinate

Set current in
K plus first
tube to zero

Yes

K minus
first and K plus first
trajectories not
terminated

K plus
first trajectory will
impinge

12

Calculate tube width, scale
tube current and velocities

by overlap, and reset
trajectory coordinate

Figure 20. - Subroutine CORRCT computes the impingement on the designated electrodes.
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PEQ

DO 8 JJ =1, KAB

S((:(Tgx; {Scan vertical mesh columns)

!

Iﬁitianze Initialize

DO 7K = JE, JED

Test
for POTEN
hetween successive
mesh points

DIF = Jut) - UK)|
L=L+1, store
y~coordinates

Between

DO 15KJ =1, NO

Ul x U(K)

Find
emitter index which
coincides with
intercept

between for consecutive

ut) = UK)

6
Calculate o .
, x-goordinate 4 No coincidence There is one
— of intercept Set Greater
. interpolation | than h 16
y-coordinate 5 valueg Test
Calculate to see if emitter
3(—va|ue of 3 is less than h from
intercept Set potential
values for
interpolation| than h

8 {

Boost x-coordinate and
top mesh point index

DOIL§J-1,L

KAP =0 Order
J=2 intercepts by y

Test for
duplicates

No
duplicates

2 Duplicates
NN =L -1-KAP
KAP =KAP + 1

Shift array down to
overwrite duplicates

Complete

Print | print potential
array scanned

coordinates

30

Figure 21. - Subroutine PEQ calculates the equipotential line that is used in conjunction with the emitter to calculate the emitter current density.
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ARC

DO 1J-1, 2 3

KABB
Calculate e Calculate slope of Calculate Up indices and
Initialize Cal_culate increment | | :(m_hfhze emitter segment | | coordiqates er?ﬁltrt]erlc:rsc
NBH =NTJ + 1 emitter of emitter . from given emit- for trajectory length variable
length length J=1 ter coordinates initialization
3
5
J=l+1 No 1l
= Moved K < NBH) A
Reset arc | _Yes into next section trajectories
Iength of emitter initialized
variable
Yes
(K>NBH)
7 Print 13 Yes .
Print input emitter Print (JOT>0) {LAST>0) Emitter Set last

coordinate ja—
(ATX's, ATY's)

extends to bottom
of region

trajectory
coordinates

heading

No

print No
wor<o (LAST <0}
Test to 8 Boost number of
see if emitter extends Return trajectories and
to top of region for - extr.apolate emitte.r
Extends numbering Does not to give dummy point
to top extend to top
(KBF20) ) 14 (KBF <0)
LK1 Lk=2] ho4
J =K, 100
15 16/set up Print
i trajectory beginning
NUM =1 indices for trajectory
printing coordinates

Figure 22. - Subroutine ARC divides the emitter segment into equal increments for intialization of trajectories and calculation of emitter
current and current density.
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Print

Yes heading

No
Initialize

Yes
(KBB % 0)

specified
25

Current density

RTEST

bound

Y

bound is to be
Upper changed

bound

16

Last loop Last loop
No No
(KRLX 0) (KRL X0 Yes
(KRL = 0}
26
Convergence Convergence
Yes switch on switch on
(MO =0)
1 =l No
(MO X0 11
Set upper —
bound Initialize
2
RH(KAN) <
No upper bound
between upper and
lower bounds
, Yes Upper bound test Yes
Set lower
bound and RH{KAN) > No
[*] reset upper RH lower

€s

DO 12J =1, NT

Average RH with
previous value

Set print switches
on and write con-
vergence message

Current density
specified

13
Reset upper

bound

14
Reset lower

Lower

bound

Which

Suppress
18 RH by RX
Reset lower Lower
bound 17
Reset upper
hound
19

Initialize for printing
and print upper, lower
bound and RH(KAN)

No @ Yes
21

20
Change bound test Call
switch and step fe—{ TROUT to
cycle counter print RH

Figure 23. - Subroutine RTEST determines the convergence of the Poisson solution.

Set convergence
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switch on
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Neither



TROUT

DO3K =1, NT

1

Print
heading

Print mesh point
numbers and
corresponding
RH values

Poisson
solution

Yes (MO = 0)

Print
heading

DO 10
K =1, NT

Print mesh point numt;\ 7
and corresponding RH

which is the average of Return
this and previous value

Figure 24. - Subroutine TROUT is used to print RH, the space-charge-density
function multiptied by the square of the mesh size divided by 4.
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9

Initialize
trajectory

0§

Store
intercepts

Yes

Trajectory
initialized

Yes

LL =
LL+1

Both
tube intercepts
calculated

Yes

Intersection
at proper
location

Calculate equipotential
line and intersection
with normal from
emitter

Calculate
normal to
emitter

Initialize

Calculate

1 13 coordinates for
[Er = 2¢AREMI liT= AREM current calculation
a1 31
Calculate Calculate
f mmz{:ibclirtnlower Yes | coordinates distance from
Y for current emitter to

boundary

[E=0

43

Calculate
current and

calculation

equipotential [ine

Current density
specified

store current
density

and set KCH(K)
to zero

Store current

v

Calculate
current and
current
density

No

TRCU

116
IS =0, LL=0,
KK =K

Trajectory

terminated

Trajectory
already started

Trajectory
started this

Can
trajectory be
initialized

Can
trajectory be
initialized

Continue

Yes

15 o

Cail TRAJ 16

to calculate

. Boost
trajectory > K
velocity and
coordinate

No

trajectories
examined

17

Figure 25. - Subroutine TRCU initializes the trajectory coordinates and calculates the current in each stream tube for two-dimensional

problems,

Subroutine ATRCU initializes the trajectory coordinates and calculates the current in each stream tube for axially symmetric problems.
The flow chart for subroutine ATRCU is similar to the one for TRCU. The differences are in the internal equations for calculating the
current, as it is calculated for an annular section in ATRCU but only for a rectangular segment in TRCU, and in the calculation of the
first stream tube, as it is not possible for it to be symmetric to the upper boundary for axially symmetric problems, while this possibility
is accounted for in TRCU.
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current and
store current
density
a4
Calculate coordinate
\ csltjorrreent 1 and velocity of first
trajectory

108
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Figure 25, - Concluded,
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DO 33
J1=1,NAJ

reflecting

Set reflection index

Calculate tube widthr,r
set upper mesh point
boundary

Reflected
tube to be

added
No

Initialize

Last
trajectory
refiected

Initialize

Reflection
from bottom

Set index

Calculate tube
width, mesh point

Zero
current

First tube

CALR

Yes

33

= Boost JJ

Yes Reflected

No
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22

First

reflected

tube

Yes
ctory

Calculate

tube width, mesh
point boundaries,
and set switch to
add in reflection

Calculate tube
width, mesh
point boundaries,
and store velocity
components

Calculate

tube width, mesh
point boundaries,
and set switch to
add in reftection

{

'

DO 32K =

NA, NB

/

_| Calculate cell

boundaries, and store
velocity components

11

Calculate tube
width, mesh point

boundaries, and store
velocity components

19

Calculate tube
width, mesh point

boundaries, and store
velocity components

18

Set tube boundaries,
Jower mesh point
boundary, switch off »>
refiection, and store
velocity components

17

Set tube boundaries,
lower mesh point
boundary, switch to

add reflection, and
store velocity com-
ponents

2

Interpolate

for velocity

boundaries
Calculate
overlap
32
Set no
overlap |—»
switch on
Last Yes
mesh point 28
J=0for
last tube
36
Double tube
No contribution
for overlap
T
Caiculate space-

charge density

Figure 26. - Subroutine CALR calculates the space-charge-density function for two-dimensional geometries.




ACALR

DO 3314 =2, NAJ

Wmanze

Current Yes
in tube

Initialize

Reflected

Calculate tube
width, upper and
lower mesh point
boundaries, and
store trajectory
components

19

Adjacent tube
initialized

One 34
boundary
reflected through

axis

6 y

Calculate tube
width, upper and
lower mesh point
boundaries, and
store velocity
components

Calculate tube width, set switches
for calculating tube twice, calculate
annular scale factors, upper and
lower mesh point bounds, and
store velocity components

DO 32

K =NA, NB

23

Calculate upper and
lower cell boundaries

of Kt mesh point

26
Yes |Reset Center No | Reset
mesh point on lower cell line on lower lower cell
boundary boundary boundary
25 T
Zero Calcurate No Lower cell
overlap tube overlap | boundary beyond
with cell axis

velocity, calculate
area of tube, area
of overlap and
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Yes

Reflected
tube

No

45

Calculate space

charge density

1324 Reset
Boost K lower cell
lﬁ b
o oundary
Interpolate for 46

Multiply by
scale factor

function

Figure 27. - Subroutine ACALR calculates the space-charge-density function for axisymmetric geometries.
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APPENDIX E

SAMPLE PROBLEMS

Contained herein is a listing of the necessary input data cards as well as the com-
puter calculated output data for an axisymmetric problem with current density specified.
Results are plotted in figure 6 (p. 22). Also included is a two-dimensional problem that
is solved as a space-charge-limited-flow problem.
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CARD CHOLIMN

Input Data Cards

123456789r 123404672001 23484678GN1234567R9N1234FATRGN]2345ATRAN1224LRATRANTIZILEATRON

132.91

1f\(‘(\.

1en
-1
-1
-1
-1
-1
-1
-1

-1
-1
A
-1
neg
W50
625

i

s ks

1NN,

|
bkt pa b PN b e rad b R R P

78

1

SAMPLF DRMBLFM
THRIISTNIR PROGPAM
AXT=SYMMETO T

CHRRFNT DENCITV

11N

a

[ N S T IR

kSIS 2 IS 1 IR 2 S N s SIS AR & S ) BS L NG BEG A BG4 )

.
D
(%)

D

—
~e
]

[

O DN DR DD
MIPRREFN N

[ a—

£

SPECIFTED

~L o8
ARLAN
Tel
25
o 25
e 25
o’ 5
o 25

e’ 5

=4

«125

OB

e 042
“~e F-n

L1658

o273

-60
TL

34

29

Ly

™o

nNo

]

N

NEMANSTRATE | Ewla

1.r

25
25

(U

PECFARCH

2%

ft

—

cAPn 1
CARPD 2
HEADTING
HEADTNA
HEADTNA
HEANTNA
HEADTNA
Jas

Ac

AW GV A ¢ H
VATYRTST

el
JT=9
JT=14
JT=19
JT=24
JT=29
JT=74
JT=729
JT=44
JT=4¢
JT=54
JT=59
JT=64
JT==£9
Jr=74
ATYX
ATV

FR

JA

KA K<
KA4KRQ
KA=XRQ
KAgXRS
KAsKR<
KAZKBS
KAsKRS
BACE
¥e
riiFee




Output Data Listing

001

SAMPLE PROBLEM TO DEMONSTRATE LEWIS RESEARCH CENTER
ION THRUSTCR PROGRAM

AXI~SYMMETRIC

CURRENT DENSITY SPECIFIED

KT{J4T) KT(JIT+1} KT{JIT+#2) KT{JT+3) XT(JT) XT(JT+1) XT(JIT+2) XT(JT+3) XT{JIT+4) JT
-1 1 5 -5 0. 0.4827586 0.2586207 0.2586207 0.2586207 g

-1 1 5 -5 0.2916667 0.2083333 0.2500000 0.2500000 0.2500000 14

-1 1 5 -5 043125000 0.1875000 0.2500000 0.2500000 0.2500900 19

-1 1 5 -5 0.3750000 0.1250000 0.2500000 0.2500000 0.2500000 24

~1 1 5 -5 0.6666667 0. 0.1666667 0.1666667 0.1666667 29

-1 1 5 -5 0.2777778 0.1666667 0.2469136 0.3086420 0.2222222 34

-1 1 5 -5 043333333 0.1111111 0.2469136 0.3086420 0.2222222 39

-1 1 5 -5 0.6153846 0. 0.1709402 0.2136752 0.1538462 44

-1 4 4 ~5 0.0651042 0.2473958 0.6250000 0.0625000 2.C312500 49

3 1 5 -5 0.5797101 0.1159420 0.1521739 0.1521739 0.1739130 54

-1 1 5 -1 0.4603994 0.1063245 0.1237932 €.3094830 0.0%45295 59

-1 1 5 -5 0.4939706 0.0672723 0.0731262 0.3656310 0.0471444 54

-4 1 5 ~5 0.5000000 0.5000000 0. 0. Q. -69

-1 1 5 =5 042225901 0.1102924 0.1617254 0.5053920 0.1098512 74

XR= C.7554604¢ 50 ITERATIONS REQUIRED TC CCNVERGE CON XR

LAPLACE SCLUTICN
AFTER 12 ITERATIONS ON U THE MAXIMUM CHANGE IN U IS 0.00851 VGLTS AND OCCURS AT MESH POINT 12

60 U VALUES

MESE PCINT NUMBERS POTENTIAL VALUES
1 2 3 4 5 6 7 8 1000.0000 1000.0000 100C.0000 1000.0000 1000.,0000 1000.0007 895, 9544 T66,8270
3 10 11 12 13 14 15 16 714.3282 700.0223 705,8136 515.6727 365.5303 292.8042 27345507 27714694
17 18 15 20 21 22 23 24 38.6665 ~168.9056 -228.1868 -229.9403 -252.4775 =-543,6250 -918.3443 -837,2217

25 26 21 28 29 30 31 32 -T740.4435 -771.8125 -1000.0000 -978.6510 -899,.8868 -863.8362 -19060.0000 -934.5808
33 34 35 36 37 38 39 40 -913.5292 -862.4311 -843.0268 -1000.0000 ~-B868.,6906 ~-797.9154 —~T758.0294 —T44.6000
41 42 43 44 45 46 47 48 -692.3663 -658.5857 ~623,.7481 —600.5139 =592.4560 -447.7889 ~-438,1004 -423,4583
43 50 51 52 53 54 55 56 -412.1742 -408.0782 -221.2972 ~218.5140 -213.32%8 -208.9571 ~-207.32189 0.
57 58 59 60 ¢ Q 0 0 -0. Ga ~0. 0. C. G 0. Q.

EQUIPOTENTIAL PRINTQUT

POTENT IAL (X,Y} 1006.0 I C.250, C. U 0. y 0.250) ( O. s 0.500) ( O. v 0.750) (U 0. y L.O0O) € 0,250, 0. )
POTENTIAL {X.Y) 1C00.0 { 0.250, C. )L 0. s O» i { 0. v O ) 0. v O y{ 0. v O Yot 0. y O )
PUTENTIAL (XsY) 8¢C.C { 0.214, (.500) ( 0.175y 0.750) ( 0.167, 1.000) { 0,250y 0.436) ( 0.4204 0. ) 0313, 0,250}
POTENT IAL (X,Y) 600.0 { 0.445, 0.250} ( 04354, 0.500) ( 0.318y 0.750) ¢ 0.309, 1.000) ( 0.500, 0.,129) ( 0,562, 0. )
PCTENTIAL (X,Y) 40C.C { 0.479, C.500) { 00436, 0.750) ( Q.426, 1.000) ( 0.500, 0.443) { N.678, 0. ) { 0,561, 0.250)
PGTENTIAL {X.Y) 200.0 ( 0.665¢ £.25C) 0577, 0.500) ( 0.545, 0.750) { 0.537y 1.000) ( 0.750, 0.081) ( N,78B6, 0O, )
POCTENTIAL {X,Y} C. { 0.671, (.500) { 0.641,y 0.750) ( 04636, 1.000) ( 0.750, 0.297) ( 0.881y 0. )y 0.767, 0L250)
PCTENTIAL (X,Y) . { 2.750, C. ) L 2750, 0.250) { 2.750, 0.500) ( 2.750y 0.750) ( 2.750, 1.000} ( 2,750, 0, }
POTENTIAL (X,Y) C. { 2.750y C.250) { 2.750, 0.500) ( 2.750, 0.750) ( O. v O. Yy 0. v D Yoo 0. y D )

POTENTIAL {X,Y) -200.0 { 0.736, C.75C) ( 0.735, 1.000) ( 0.750, 0.631) { 0,975, O. Yo 0.852, 0.2%50) ( 0.760, 0.500)
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POTENTIAL (X,Y) -200.0 ( 2.524, 0. )} 1 2.521, 0.250) 1 2.516, 0.500) ( 2.511, 0.750} ( 2.509, 1.000) ( O. y 0. )

POTENTIAL (X,Y) -400.0 { 0.938, C.250) ( 0.827, 0.500) { 0.821, 0.750) ( 0.833, 1.000) ( 1.000, 0.127} { 1.071, 0. )
PGTENTIAL (X,Y) =4CC.C { 2.3C3, C. ) 4 2.293, 0.250) ( 2.278, 0.500) { 2,265, 0.750} { 2.260, 1.000) ( O, v O, )
POTENT IAL (X,Y) -600.0 { 0.894, 6.500) { 0.903, 0.750) {( 0.931, 1.000) { 1.000, 0.288) { 1.167, O. ) ( 1.031, 0.,250)
PCTENTIAL (X.Y) -600.0 ( 1.588, 1.000) ( 2.000, 0.766) { 2.094, 0. b} 2.066y 0.250) ( 2.030, 0.500) { 2,001, 0.750)
POTENTIAL (X,Y) -800.0 { 0.961, 0.500) ( 0.985, 0,750} ( 1.000, 0.421} ( 1.000, 0.846) ( 1.140, 0.250) { 1.121, 1,000}
PCTENTIAL (X,Y) -80C.C { 1.250, €.031) [ 1.281, 0. ) L.745, 0.500) ( 1.649y 0.750) ( 1.609, 1.000) ( 1.750, 0.493)
POTENTIAL [X.Y) -800.0 { 1.913, C. ) 1.832, 0.250) { O. v O. ) ( 0. v Qe } (0. s O, } 0. r O )
POTENTIAL (X,Y) -10CU.0 ( 1.25C, C€.250) { 1.250, 0.250} { 1.250, 0.250) { 1.500, O. ) ( 1.250, 0.250) ( l.500, 0. )
POTENTIAL {X,Y) -1000.6 { 1.750, C. ) ( 1.750, 0. ) [ 1.750, 0. y L 0. y O, ) (0. v 0. YL 0. y O, )
CYCLE 1

CURRENT DENSITIES ARE CALCULATED USING EQUIPOTENTIAL OF 700.02231 VOLTS WHICH HAS X-Y CODRDINATES
1 (C.379,0.250) 2 (0.292,0.500) 3 (0.258,0.750) 4 10.250,1.000)

EMITTER ARC LENGTH , DELTA ARC LENGTH 0.50000 0.12500
K=Y EMITTER COGRDINATES
1 (0.C50,0.50C) 2 {€.C5C»1.000)
X-Y BEGIN TRAJ. COORDINATES
1 {C.050,0.50C) 2 (0.050,0.625) 3 (0.050,0.750} 4 {0.050,+0.875)

X=-COORD TRAJ NUM REFLECTION COUNTER Y-COORD X-VEL COMP Y-VEL COMP

C.2500 1 ¢] 0.5000 0.18400E 05 0.
2 0 0.6250 0.19408E 05 0.
3 0 0.7500 0.20366E 05 0.
4 0 0.8750 0.20620E 05 0.
0.5000 1 0 0.5151 0.30366E 05 0.29413E 04
2 0 0.6337 0.31218E 05 0.17690E 04
3 o] 0.7552 0.32045E 05 0.10844E 04
4 0 0.8772 0.32262E 05 0.45616E 03
C.7500 1 o] 0.5432 0.41180E 05 0.51183€ 04
2 0 0.6501 0.41707E 05 0.30070& 04
3 0 0.7648 0.42218E 05 0.1788lE 04
4 0 0.8809 0.42239E 05 0.65682E 03
1.0000 1 0 0.6250 0.52109E 05 0.42150€ 04
2 o] 0.6655 0.51951E 05 0.27732E 04
3 0 0.7731 0.51534E 05 0.12980E 04
4 0 0.8825 0.50922E 05 -0.38773E 02
1.2500 i 0 0.6425 0.52960E 05 0.31308E 04
2 0 0.6762 0.52809E 05 O0.17083E 04
E] o} 0.7769 0452494t 05 0.29859E 03
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4 0 0.8802 0.52253E 05 -0.92167€ 03
1.500C0 1 Q 0.6553 0.52289E 05 0.22822E 04
2 0 0.6825 0.52183E 05 0.92128E 03
3 Q 0.7769 0.51998E 05 -0.28952E 03
4 0 0.8749 0.51849E 05 -0.12980E 04
1.7500 1 [¢] 0.6650 0.50761E 05 D0.169B1E 04
2 [¢] 0.6856 0.50667€ 05 0.37581f 03
3 o] 0.7746 0.50528t 05 -0.68531E 03
4 0 0.8680 0.50408€ 05 -0.15365E 04
2.0000 1 ] 0.6725 0.48375E 05 0.12880E 04
2 Q 0.6866 0.48294E 05 -0.12746E 02
3 0 0.7704 0.48219E 05 -0.96813E 03
4 0 0.8597 0.48123E 05 -0.17071E 04
2.2500 1 0 0.6788 0.45404E 05 0.10551€ 04
2 Q 0.6859 0.45326E 05 -0.23786E 03
3 0 0.7647 0.45299E 05 -0.11364E 04
4 0 0.8503 0.45219E 05 -0.18144E 04
2. 5000 1 0 0.6845 0,41996E 05 0.94331E 03
2 [« 0.6842 0.41913E 05 -0.34820£& 03
3 0 0.7580 0.41918E 05 -0.12212E 04
4 o} 0.8397 0.41846E 05 ~0.18713E 04
2.7500 1 o] 0.6903 0.38193E 05 0.90961E 03
2 0 0.6819 0.38L00FE 05 -0.3B8200E 03
3 0 0.7503 0.38129E 05 -0.12476E 04
4 0 0.8280 (0.38059E 05 -0.18897€ 04

THRUST CISTRIBUTION BY STREAM TUBES (NEWTONS)

1 C. 2 0.792058E-06 3 0.128856E-05 4 0.772716E-06 5 (.257337E-06
TOTAL THRUST (NEWTONS) 0.3211067£-05
TCTAL POWER (WATTS) 0.592785€-01

INITIAL CURRENT DENSITIES (AMPS/(UNIT H)%%x2)

1 G. 2 1.CC0CCOE-04 3 1.000000E-04 4 1.000000E-04 S5 1.000000E-04
INITIAL CURRENTS (AMPS)

1 0. 2 0.343€12E-04 3 0.245437E-04 4 0.147262E-04 S 0.490874E-05
TOTAL INITIAL CURRENT=C.785398E-04 AMPS
TRANSMITTED CURRENT AT ACCEL. GRID= C.592525E~04 AMPS WHICH IS 75.44 PERCENT OF THE INITIAL CURRENT.
START OF POISSCN SOLUTION
RHDUWN= 0. RH{ 9)= €.7754C11 RHLP= O. uf 9)= 714,3281937

60 RH VALUES

MESH PCINT NUMBERS RH VALUES
1 2 3 4 5 6 7 8 0. 0. 0. 0. 0. n, .

4.0842
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9 10 11 12 13 14 15 16 8.7754 8.5585 0. 0. 2.3490 5.8381 5.6656

17 18 15 20 21 22 23 24 0. 1.4718 4.9237 4.6164 0. 0. 0.
25 26 217 28 29 30 31 32 3.9701 0. 0. 0. 4.593¢ 3.7429 o8
33 34 35 36 317 38 39 40 0. 4.6895 3.3977 0. 0. 0. 448723
41 42 43 44 45 46 47 48 0. 0. 0. 5.1553 2.9123 0. 0.
49 50 51 52 53 54 55 56 5.5372 2.7211 O 0. 0. 6.0326 2.5649
57 58 59 60 0 0 0 0 0. 0. 6.6805 2.4476 0. O. 0.
CYCLE 2
RHDOWN= 0. RH{ 9)= 9.(C973C64 RHLP= 0. Ut 9)= 734.9583206
CYCLE 3
REDOWN= Q. RH{( 9)= 9.1062878 RHUP= 0. ul 9)= 735.5056915
CYCLE 4
REDUWN= C. RH{( 9)= G.1C€5317 RHLP= Q. Ut 9)= 735.5205154
CYCLE 5
RFDUWN= C. RH{ 9)= 9.10653E2 RHUP= 0. Ul 9)= 735.5209579
CYCLE 6
RH=AVERACGE
RRDOWN= 0. RHI 9)= 9.1065348 RHUP= 0. Uit 9)= 735.5205307
CYCLE 1

THRUST DISTRIBUTION BY STREAM TUBES (NEWTONS)

1 0. 2 0.6874376-06 3 0.1286526-05 4 0.771840E-06 5 0.257158E-06
TOTAL THRUST (NEWTONS) 0.300296E-05

TOTAL POWER (WATTS) 0.5715C8E-Cl

INITIAL CURRENT DENSITIES (AMPS/({UNIT H)#*%2)

1 0. ? 1.0000C0E-G4 3 1.CCO000E-04 4 1.000000E-04 5 1.000000E-04
INITIAL CURRENTS {AMPS)

1 0. 2 0.343€12E~C4 3 0.245437E-04 4 0.147262E-04 S5 0.490874E-05
TOTAL INITIAL CURRENT=0.785398E-04 AMPS

TRANSMITTED CURRENT AT ACCEL. GRID= 0.572759E-04 AMPS WHICH IS 72.93 PERCENT OF THE INITIAL CURRENT.
RHDUOWN= Q. RHI 9)= 9,1065351 RHUP= 0. Ul 9)= 735.5207520
RFOUTPUT IS AVERAGE OF THIS AND PREVIOUS CYCLE

CONVERGED POISSEN SOLUTIUN

6C RH VALLES
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1 2
S 10
17 18
25 26
32 34
41 42
49 5C
57 58

MESE PUINT NUMBERS

3
11
19
21
35
43
51
55

4
12
20
28
36
44
52
60

5
13
21
29
37
45
53

0

6 7
14 15
22 23
3C 31
38 36
46 47
54 55

0 [¢]

8
16
24
32
40
48
56

)

0.
9.1065
0.
3.8570
O,
Q.
5.4304
0.

U-FIELD IS AVERAGE OF THIS AND PREVIQUS CYCLE

AFTER

1 ITERATIONS ON U THE MAXIMUM CHANGE IN U

60 U VALUES

1 2
9 10
17 18
25 26
33 34
41 42
49 5C
57 58

POTENTIAL
POTENTIAL
POTENTIAL
POTENT IAL
POTENTIAL
POTENT IAL
POTENT IAL
POTENTIAL
POTENTIAL
POTENT IAL
PUYENT IAL
POTENT IAL
POTENTIAL
PUTENTIAL
POTENTIAL

PCTENTIAL

MESF PCINT NUMBERS
3 4 5 6 7
11 12 13 14 1%
19 20 21 22 23
27 28 29 30 31
35  36- 37 38 3%
43 44 45 46 41
51 52 53 54 55
55 60 0 0 0
(X,¥} 1000.0 ( 0.250,
{XeY) 1€00.C { 0.250,
(X4} 800.0 ( 0.226,
(XoY3 60C.0 [ D0.449,
(X,Y) 400.0 { 0.488,
(X,Y) 200.0 { 04670,
(XY} C. ( 0.677,
(XyY) 0. ( 2.75C,
(XeY) 0. { 2.750,
(XsY) —200.0 ( 0.747,
{XeY) —200.C | 2.491,
(X,¥) =400.0 { 0.941,
(XsY) —60C.0 ( 2.236,
(Xe¥) -606.0 { 0.896,
{Xy¥) -600.0 { 1.963,
{Xs¥) =—80C.0 { 0.962,

€.500)
0.250)
C.500)
C.2502
€.500)
Ca )
C.250})
0.750)
€.750)
0.250)
C.750)
€.500}
C.750}

0.500)

1000.0000
735.5207
47,2805
-723.1529
-906.4961
-688.1255
-389.7871
-0.

0.

8.9058
1.5300

Q.

445697

0.

2.3564

0.

s

1000.0000

723.6093
-156.2632

-768,3414
-842,3459
=652.4277

-384.6211

O.

0.
0.
4.8753

3.1736
0.
0.
6.5134

EQUIPOTENTIAL PRINTCUT

{ 0.189,
{ 0.362,
{ 0.451,
{ 0.584,
{ 0.652,
{ 2.750,
{ 2,750,
{ 0.748,
{ 2.489,
{ 0.830,
( 2.229,
( 0.909,
{ 1.946,

( 0.989,

0.250)
0. )
0.750)
0.500)
0.750)
0.500)
0.750)
0.250)
0.500)
1.000)
1.000)
0.500)
1.000)
0.750}
1.000}

0.750)

(
(

RH VAL

5.0488
Ua
1.9906

0.00007 VOLTS AND OCCURS AT

POTENTIAL
1000.0000 1000.0000
710.8577 523.2277
~206.0557 =204.3045
=1000.0000 -976.1431
-820.5594 -1000.0000
-612.1475 -576.6889
-218.1396 -214.5967
-0. 0.
0. y 0.500}) ( 0. '
0. v O y (0. '
0.181, 1.000) ( 0.250,
0,331, 0.750) ( 0.324,
0.442, 1.000) ( 0.500,
0,557, 0.750) { 0.551,
0.649, 1.000) ( 0.750,
2.750, 0.500) { 2.750,
2.750, 04750} ( O. '
0.750, 0.720} ( 0.979,
2.500, D.618) { 2.521,
0.828y 0.750) { 0.844,
2.250y 0.639) { 2.298,
0.941, 1.000} ( 1.000,
2.000, 0.586) { 2.090,
1.000, 0.423) ( 1.000,

UES
0.
2.4018
0.
4,4666
0.
2.5902
0.
0.

MESH PDINT

VALUFS
10600.0000
381.3708
-244.7012
-884,4876
- B864.8654
-566.7832
-206.3915
O.

D.750)
. )
0.456)
1.000}
0.467)
1.000)
0.308)

0.750)

0.814)

0. 0.

5.9097 5.7551

0. 0.

3.5396 0.

A 4.7608

0. 0.

5.9130 241576

Qe 0.

10
1009,.,0000 898.4876

319.1874 303.1791

-536.6829 -917.1026 -~
-844,5840 ~-1000,0000 ~
-787.8471 =-735.5510
~442.8870 -431,.9096
-192.8332 -191.,2206

0. 0.
0. » 1,000} ( 0.250,
O. y O. ¥y 0. ’
0.423, 0. ) 0,316,
0.500, 0.148) ( 0.565,
0.683, 0. 1 ( 0.565,
0.750, 0.090) | 0.790,
0.885, 0. ) { 0.770,
2.750y 1,000} ( 2.750,
0. y O. ) (0. ’
0.8564 0.250)} { 0. 764,
2.517, 0.250} ( 2.508,
1.000, 0,133} ( 1.074,
2.287y 0.250) { 2.265,
1.170, 0. ) 1.034,
2,059, 0.250) { 2,015,
1.142, 0.250) { 1.158,

4,2070
0.
445164

778.7139
285.2541
8726.3643
983.8279

-719.6834
-412.6914%

Q.
O.

0.252)
0. )

0.250)

0.5001}
0.500)
0. )
0.5001)
0.250}
0.500)

1.000)
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POTENTIAL (X,Y) -8CC.0 {( 1.250y C.034) [ 1.284, 0. ) ( 1.724, 0.500) { 1.600, 0.750) ( 1.551, 1.000) { 1.750, C.451}

PCTENTIAL (X,Y) -800.0 { 1.910, 0. b 1.8264 0.250) ( Q. v O. Yy (0. v O ) U 0. » O, )t 0. s O }
PCTENTIAL (X,Y) -1000.0 { 1.25Cs €.25C) { 1.250, 0.250) ( 1.250, 0.250) { 1.500, 0. ) 1.2504 C.250) { 1.500, 0. }
POTENTIAL {X,Y) =-1000C.0 { 1.750, C. ) { 1.750, O. ) { 1.750, O. Y o 0. y O. } 0. y O, ) (0. y 0. }
CYCLE 8

CURRENT DENSITIES ARE CALCULATED USING EQUIPOTENTIAL OF 723.60932 VOLTS WHICH HAS X-Y COORDINATES
1 10.489,0. ) 2 (0.367,0.250) 3 {0.285,0.500) 4 10.25740.750) 5 {0.250,1.000)

EMITTER ARC LENGTF , DELTA ARC LENGTH 0.50000 0.12500
X-Y EMITTER COCRDINATES
1 (0.C50,C.500) 2 [0.05C+1.000)
X-Y BEGIN TRAJ. COORDINATES
1 (C.C50,0.500) 2 (0.C50+0.625) 3 (0.C50,C.750) 4 {0.050,0.875)

X-COORD TRAJ NUM REFLECTICN COUNTER Y~COURD X-VEL COMP Y-VEL COMP

€.25C0 1 0 0.5000 0.17925E 05 0.
2 0 0.6250 C.18779E 05 0.
3 0 0.7500 0.19596E 05 0.
4 0 0.8750 0.19816E 05 0.
0.5000 1 0 0.5142 0.29983E 05 0.27124E 04
2 C 0.6327 0.30721t 05 0.15246E 04
3 0 0.7546 0.31441E 05 0.93598& 03
4 0 0.8769 0.31625E 05 0.39060E 03
C.7500 1 0 0.5405 0.40959E 05 0.47518E 04
2 G 0.,6470 0.41405E 05 0.25918E 04
3 0 0.7630 0.41837E 05 0.15264E 04
4 0 C.8800 0.41827t 05 0.52980E 03
1.C000 1 0 0.6250 0.52064E 05 0.35371E 04
2 0 0.6599 0.51902F 05 0.22244E 04
3 0 C.7696 0.51394E 05 0.92984E 03
4 0 0.8808 0.50728E 05 -0.25556E 03
1.2500 1 0 0.6389 0.52874E 05 0.22951t 04
2 G 0.6676 0.52713E 05 0.10078E 04
3 0 0.7714 0.52281€E 05 -0.18571E 03
4 0 0.8772 0.52011E 05 -0.12283E 04
1.5000 1 0 0.6474 0.52133E 05 0.12675E 04
2 0 0.6701 0.52011E 05 0.44516E 02
3 0 0.7688 0.51720E 05 -0.89237€ 03
4 0 0.8702 0.51550E 05 —-0.16657TE 04
1.75C0 1 0 0.6517 0.50551E 05 0.50196E 03
2 0 0.6686 0.50437E 05 -0.67879E 03
3 0 0.7631 0.50196E 05 -0.14056E 04
4 0 0.8613 0.50059E 05 -0.19590E 04
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2.0000 1 0 0.6527 0.48116E 05 -0.94276E 02
2 0 0.6637 0.48011E 05 -0.12500E 04
3 o] 0.7549 0.47847E 05 -0.18080E 04
4 0 C.8507 0.47738E 05 -0.21836€ 04
2.2500 1 0 0.6511 0.45129& 05 -0.51220E 03
2 0 0.6559 0.45023E 05 -0.16575€ 04
3 0 0.7444 (0.44920E 05 -0.20944E 04
4 0 0.8384 0.44834F 05 -0.23417t 04
245006 1 C 0.6473 0.41775E 05 -0.79243E 03
2 0 0.6455 0.41662E 05 -0.19363E 04
3 0 0.7318 0.41608E 05 -0.22865E 04
4 0 0.8246 0.41543FE 05 -0.24407€ 04
2.1500 1 Q 0.6420 0.38169E 05 -0.90586E 03
2 0 0.6330 0.38040E 05 -C.20509E 04
3 C 0.7172 0.38068E 05 —0.23635E 04
4 Q C.8092 0.38033E 05 -0.24774E 04

THRUST DISTRIBUTION BY STREAM TUBES (NEWTCNS)

1 0. 2 C.687437E~-06 3 0.128652E-05 4 O0.771840€-06 S5 0.257158E-06
TOTAL THRUST (NEWTONS) 0.300296E~05
TOTAL POWER (WATTS) 0.5715CEE-01

INITIAL CURRENT DENSITIES {AMPS/UUNIT H}*%2)

1 0. 2 1.0000C0E-04 3 1.000000E-04 &4 1.000000E-04 5 1.000000E-04
INITIAL CURRENTS (AMPS)

1 0. 2 0.343612E-C4 3 0.245437E-04 4 0.147262E-04 5 0.490874E-05
TOTAL INITIAL CURRENT=0.785398E-04 AMPS

TRANSMITTED CURRENT AT ACCEL. GRID= C.572759E-04 AMPS WHICH IS 72.93 PERCENT OF THE INITIAL CURRENT.

*01* UNITOS, EOF. FILOOO ZECO00
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Input Data Cards

CARD COLUMN NIIMBERS

6n

4

2

CENTER ION THRUSTOR PROGRAM
TWO-DIMENSIANAL

3

132,91

1nnn,
-1
-1
-1
-1
-1
-1

3

-1
-1
-4
-1

oNB

L]
[o,]
N
N

Q) b = N O

1700,

SPACE CHARGF LIMITEN

8

= e P e et

U1 s s 2 N) e\

9

1000,
-1000,

D st Bt B»

-10n0,

1n

-5
-5
-5
-5
-5
-5

-1
-5

-5

B W) )

.25
200,
Co
.25
025
025
.25
025
,125
,0834
042
-e 5N
L165

.23

59
14
34

49

14
14

0o

= N e N

25
025
$25
25
.25
025
25
25
e25
50
25

24
19
39
44
14
19
19

9

—

1n

25
25
Co

25

JABA
«25
«25
«25

25

29

19
14
19

?

TN DFEMANSTRATF LFWIS RFSFARCH

25
25
25
2N
20
25
25
1N
N5
Ne

.08

19

O

14
19
24
29
34
39
44
49
-54
59
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SPACE CFARGE LIMITED

KT(JT)

-1
-1
-1
-1
-1
~1

3
-1
-1
-4
-1

KT{JT+1)

XR= 0.84812816

13 ITERATIONS ON U THE MAXIMUM CHANGE IN U IS

e e N e

KT(JT+2)

oo s ulumomu

KT{JT+3)

-5
-5
-5
-5
-5
-5
-5
-1
-5

0
-5

Output Data Listing

SAMPLE PROBLEM TO DEMONSTRATE LEwIS RESEARCH
CENTER ION THRUSTOR PROGRAM
TWO-D IMENSIONAL

XT1JT)
0.
0.2500000
V.5000000
0.2222222
0. 4444444
0.0555556
0.4444444
0.4088604
0.4653067
0.5000000
0.1967052

60 ITERATIONS REQUIRED TG CCNVERGE ON XR

AFTER
6C U VALUES
MESF POINT NUMBERS
1 2 3 4 5 6 7
g 10 11 12 13 14 15
17 18 19 20 21 22 23
25 26 21 28 29 30 31
32 34 35 36 37 38 39
41 42 43 44 45 46 47
49 50 51 52 53 54 55
57 58 55 60 0 0 0
POTENTIAL (X,Y)  1000.0 0.250,
POTENTIAL (X,Y)  1000.0 0.250,
PCTENTIAL (X,Y) 800.0 0. 184,
POTENTIAL {X,Y) 6000 0.412,
POTENTIAL (X,Y) 4CC.0 0. 441,
POTENTIAL (X,Y) 200.0 0.628,
POTENTIAL (X,Y) Ce 0.731,
POTENTIAL (X,Y} 0. 2.750,
PGTENTIAL (X,Y) 0. 2.750,
POTENTIAL (X,Y) -20CC.0 0. 738,
POTENTIAL (X,Y) =-200.0 2.498,

8
16
24
32
40
48
56

0

C.500)
C.250)
C.500)
C.250)
C.250)
C. )
€.250)
C.500)

C.250)

XT(JT+1)
0.5000000
0.2500000
G.
V.2222222

0.

0.,2777778
0.2222222
0.13639%8
0.0781715
0.5000000
0.1298254

LAPLACE SOULUTION

1000.0000 1000.0000
679.3458 668.8804
-37.0053 -226.2191

-613.6343 -788,.9688

-853.,4273 -759.3019

-659.8769 -611.7608

-356.9758 -349.8219

0. 0.
EQUIPOTENTIAL
{ O. v 0.250)
( 0. v O. }
{ 0.156, 0.750)
{ 0.325,y 0.500)
{ Ou.4lly 0.750)
{ 0.547, 0.500)
( 0.642, 0.5001}
{ 2.750, 0.250}
{ 2.750, 0.500}
{ 0.731, 0.750)

( 2.485, 0.500)

-0.
PRINTOUT

{ 0. '

{ 0.151,
( 0.296,
{ 0,405,
( 0.523,
( 0.627,
L 2.750,
( 2.750,
{ 0.743,

( 2.473,

XT{JT+2}
0.2500000
G.2500000
0.2500000
0.2469136
0.2469136
0.6060600
C.1666667
0.1299268
0.0760870
O
0.1632653

0.00658 VCLTS AND OCCURS AT

POTE

1000.0000 1000,
662.2943 449.
-237.1353 -212.
-1000.0000 -953.
-722.6900 -1000.
-558.5390 -520.
-203.0415 -198.

0.
0.500)
0. [
1.000)
0.750) |
1.000) |
0.750) (
0.750)
0.500)
0.750) |
1.000) (
0.750)

XTUJT+3) XT(JT+4) JT
02500000 0.2500000 Q
0.2500000 0.72500000 L4
0.2500000 0.2500000 19
0.3086420 0.2222222 24
0.3086420 0.,2222222 29
0.0606061 0.0333333 34
01666667 N, 1666667 39
0.3248169 N.0909487 44
0.3804348 0,0456522 49
0. 0. -54
0.5102041 0.1077551 59
MESH POINT 45

NTTAL VALUES
0000 1000.0000 1000.0000 874.8293 727.8214
7594 29849202 244.3187 23641440 26,3770
9401 -307.4717 -577.9377 -929.6562 =753.7015
7076 -800.2259 ~734.1939 -1000.0000 -975.464"
0000 -828,1147 -725.2353 -660.8605 ~637.9573
9495 -507.4205 -415.9846 -400.5105 ~-376.207%

0900 -188.8058 -180.925%4 -177.9181 0.

0. O. 0. 0.
0. v 0.750) { O. v 1,000} ( 0.250, J. )
0. v O. YU, y O. ) 0. y O )

0.250, 0.377} ( 0.398, 0O, )

0.290, 1.,000) { 0.500, 0,073}

0.500y, 0.332) [ 0.644, 0. )
0.520y 1.000} ( 0.750, 0.007)
0.631, 1.000) ( 0.75n, 0.212)

2.750, 0.750) ( 2.750, 1.000)

0. y O.

) 0. s 0. )

0.750, 0.465) ( 0.948, 0. )

2.468, 1.000) ( 2.500, 0.154)

0.294, 0.250)
0.534, 0D. )
04526, 0.250)
0.753, 0. )
0.850, 0, )
2.750, 0. )
0. y O }
0.825, 0.250}

24504, 0. }
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FOTENTIAL (X,Y)
POTENTIAL (X,Y}
POTENTIAL (X,Y)
POTENTIAL (X,Y)
PCTENTIAL {X,Y)
POTENTIAL (X,Y)
POTENTIAL (X,Y)
POTENTIAL (X,Y}

POTENTIAL (X,Y)

CYCLE 1

CULRRENT DENSITIES

1 10.495,0.

EMITTER ARC LENGTF 4 DELTA ARC LENGTH

-400.0

-400.0

-60C.0

-600.0

-3800.0

-800.0

-8C0.0

1000.0

1000.0

0.518,
24217,
0. 883,
1.338,
C.954,
1.25C,
1.8517,
1.250,

1.750,

C.250) ( C.812, 0.500)
C.500) ( 2.184, 0.750)
C.500) { 0.926, 0.750)
C.500} ( 1.859, 0.750)
G.500) { 1.000, 0.408)
C.751) { 1.263, 0. )
C. b [ 1.782, 0.250)
C.250} [ 1.250, 0.250)

Ca. b} 1.750, 0.

ARE CALCULATED ULSING ECUIPCTENTIAL GF

2 {0.371+0.250)

X-Y EMITTER COGRDINATES

1 1€.05C+0.5CC)
X=Y BEGIN TRAJ. COORDINATES

1 {C.C50,0.5CC)

X-COGRD TRAJ NUM

C.2500

G.5000

0.75C0

1.€000

1.2500

SN N - SN - DN -

W

2 (0.050+1.000)

2 (0.050,0.625)

3 (0.284,0.500) 4

0.50000

3 (0.050,0.750) 4

REFLECTION COUNTER Y-COORD

[N oNoNe) [=NeNeoNe] [eNeNoN ol

[sNeoNeNe]

[eNeNoNe)

G.5000
€.6250
0.7500
0.8750

0.5132
0.6315
0.7537
0.8761

0.5374
0.6428
0.7597
0.8772

0.6250
0.6500
0.7617
0.8742

0.6283
0.6481
0.7557
0.8644

)

0.12500

X~-VEL COMP

0.19879E
0.20746E
0.21577E
0.21753E

0.31909E
0.32522E
0.33124E
0.33214E

0.42122E
0.42254E
0.42367E
0.42171E

0.51713¢E
0.51457E
0.50377¢
0.49435¢E

0.52208€
0.51983E
0.51080E
0.50623E

05

( 0.829,
( 2.170,
{ 0.991,
{ 1.823,
( 1.000,
{ 1.251,
{ 0. '
[ 1.250,

{ 1.750,

(0.050,0.875)

Y-VEL CO

0.
0.
0.
O.

Ca.27388E
0.13883E
0.79870E
0.24523E

0.44160E
0.19884E
0.10171€
0.94421E

0.18312€
0.71830E
-0.26921E
-0.12048E

-0.46216E
-0.15119¢€
-0.21590¢€
-0.27280¢E

0.750)
1.000)
1.000)
1.G00)
0.684)
0.750)
0. )
0.250)

0. )

1.000}

0.255)

0.266)

0.305)

0.250)

04642}

5 {0.250,1.000)

MP

1.000,
2.269,
1.152,
2.061,
1.249,

1. 604,

668.88045 VOLTS WHICH HAS X-Y COORDINATES
(0.256,0.750)

0.086)
0. )
0. )
0. }
0.750)
0.500)
0. )
0.250)
0. )

1.048,
2.251,
1.013,
2,014,
1.259,

1.750,

. )

0.250)

0.250)

0,250)

0.013)

0.318)
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1.5000 1 0 0.6219 0.51217E 05 —-0.21946E 04
2 0 0.6367 0.51046E 05 -0.31806E 04
3 o] 0.7420 0.50486E 05 -0.34097E 04
4 Q 0.8489 0.50214E 05 -0.35370t 04
l.75C0 1 C 0.6081 0.49568E 05 -0.33575E 04
2 o] 0.6181 0.49412E 05 -0.43143E 04
3 0 0.7227 0.49019€ 05 -0.42514E 04
4 0 0.8296 0.48843E 05 -0.40724E 04
2.C000 1 C 0.5887 0.47225E 05 -0.41589E 04
2 0 0.5937 0.47075E 05 -0.51043E 04
3 0 0.6990 0.46836E 05 -0.48469E 04
4 0 0.8073 0.46757€E 05 -0.44556E 04
2.2500 1 Q 0.5647 0.44426E€ 05 ~0.46366E 04
2 0 O.5644 0.44269E 05 -0.55812E 04
2 o] 0.6713 0.44143E 05 -0.52257E 04
4 ¢ 0.7821 0.44156E 05 -0.47086E 04
2.5000 1 0 0.5369 0.41291E 05 ~0.4B808E 04
2 C 0.5310 O0.41119E 05 -0.58266E 04
3 0 0.6401 0.41070E 05 -0.54351E 04
4 0 0.7541 0.41166E 05 -0.48533¢t 04
2.7500 1 o] 0.5059 0.37839E 05 -0.49576E 04
2 0 0.4938 0.37645E 05 -0.59041F 04
3 0 0.6053 0.37660E 05 -0.55050F 04
4 0 0.7233 0.37833E 05 -0.49026E 04

THRUST DISTRIBUTICN BY STREAM TUBES (NEWTONS/UNIT H)

1 <. 2 0.1C1495E-0%5 3 0.407873E-05 4 0.443956E-05 5 0.458354E-05

TUTAL THRUST (NEWTONS/UNIT H) 0.141168E-04
TOTAL POWER {(WATT/UNIT H) 0.266433E-CC

INITIAL CURRENT DENSITIES {AMPS/{UNIT H)*%2)
1 0. 2 0.553128E-03 3 0.629138E-03 4 0.683093E-03 5 0,703633€-03
INITIAL CURRENTS {AMPS/UNIT H)
1 0. 2 0.6S141CE-04 3 (0.78B6423FE-04 4 0.B853866E~04 5 0.879541F-064
TOTAL INITIAL CURRENT=0.321124E-03 AMPS/(UNIT H)
AVERAGE INITIAL CURRENT DENSITY=0.642248E-G3 AMPS/(UNIT H)*%2
TRANSMITTED CURRENT AT ACCEL. GRID=0.271506E-03 AMPS/(UNIT H) WHICH IS B84.55 PERCENT OF THF INITIAL CURRENT.
START OF POISSON SOLUTION
RHDOwWN= Q. RH{ 9)= 54.C54215C RHUP= 54,0542150 U( 9)= 679.3458099

6C RH VALUES

MESF POINT NUMBERS RH VALUES
1 2 3 4 5 6 7 8 0. Q. 0. 0. 0. 0. e
S 10 11 12 13 14 15 16 54.0542 57.0842 0. 0. 14,3230 35.746¢ 37.7167

2440274
C.



I

17 18 19

25 26 21

32 34 35

41 42 43

45 50 51

57 58 56
CYCLE 2
RhDOWN= 27.5502651
CYCLE 3
RFDOWN= 77.55CZE€1
CYCLE 4
RRCOWN= 22,771CCSC
CYCLE 5
REDOWN= 33,771CCSC
CYCLE 6
RH=AVERAGE
RHOOWN= 35.5938687
CYCLE 7

THRUST DISTRIBULTICN BY STREAM TUBES

1 0.

TOTAL THRUST

20

36
44
52
60

RH{

RH{(

RHI

RHI

RH{

2 0.

21

37
45
53

0

TOTAL POWER {WATT/UNIT H)

S)

S)

9)

9)

9)

22

38
46

]

24

40
48

¢}

27.55C2¢€51

41.7501 826

33.,771CCSC

38.C¢E34851

36. 8386769

{NEWTONS/UNIT H)

C.

0.
24.9610
0.5670
O.
25.0918
G.

3.6175

[¢39
27.1733

0.
16.1353
21.0651

RHUP= 54,0542150 U(

RHUP= 41.7501826 Ul

RHLP= 41.7501826 Ul

RHLP= 328.0834851 Ul

RHUP= 38.0834851 U(

(NEWTONS/UNIT H)

207486E-05

0.66C0724E-05

0.1203C0E-CC

INITIAL CURRENT DENSITIES (AMPS/{UNIT H)%*#*2)

1 C.

2 0.348545E-03

INITIAL CURRENTS (AMPS/UNIT H)

1 0.

2 0.436181E-04

0.

0.

355756E-03

4446S5E-04

TOTAL INITIAL CURRENT=0.177534E-03 AMPS/(UNIT H)

9)

9}

3)

9)

9)

29.0589
Q.

20.4508
6.4331
Q.

22.2965

29.9902
0.
0.
25.8554
0.
14.8248

853.3342285

758.0848389

808.6294403

779.5215012

795.5128098

4 0.225072E-05 5 0.228B166E-05

4 0.358511€-03 5 0.357064E-03

4 0.448138E-04 5 0.446330E-04

AVERAGE INITIAL CURRENT DENSITY=0.355C69E-03 AMPS/(UNIT H)**2

TRANSMITTED CURRENT AT ACCEL.

RHDOWN= 35.5938687 RH{

9)= 36.2508059 RHUP=

RHOUTPUT IS AVERAGE OF THIS AND PREVIOUS CYCLE

CONVERGED POISSCN SOLUTION

6C RH VALUES

38.0834851 U(

9)

791.0378571

17.2311
14.9869
0.

0.
2246091
3.5287
0.
23.9396
Ge

GRID=0.131763E-03 AMPS/(UNIT H)} WHICH IS 74.22 PERCENY OF THE INITIAL CURRENT.

e

O.
2642379

O.
15.3354

0.

25.7305
0.
18.6547
10.2188
0.
O
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1

E]
17
25
33
41
49
517

2
10
18
26
34
42
50
58

MESE POINT NUMBERS

3
11
16
21
35
43
51
59

4
12
20
24
36
44
52
60

5
13
21
28
37
45
53

0

[
14
22
30
38
46
54

o

7
15
23
31
36
47
55

0

U-FIELD IS AVERAGE OF THIS AND PREVIOUS CYCLE

AFTER

60

17
25

41
45
57

U va

2
10
18
26
34
42
50
58

PUTENT [AL

POTENTIAL

POTENTIAL

POTENTIAL

POTENT IAL

POTENT IAL

PUTENTIAL

POTENT IAL

POTENT IAL

POTENT IAL

POTENT [AL

POTENT IAL

POTENT IAL

POTENT IAL

POTENTIAL

POTENT {AL

8 ITERATIONS ON U THE MAXIMUM CHANGE IN U

LUES

MESE POINT NUMBERS

3
11
19
217
25
43
51
5%

(XeY)
(XsY)
(XeY)
{(X,Y)
(XsY)
(X,Y)
{(XsY)
(XeY)
[XsY)
(XoY}
{XoY)
(XsY)
(XY}
{X+Y)
(XeY)

(X,Y1)

4

1000.

1000.

800.

600.

400.

200.

O.

-200.

~-200.

-400C.

-400.

-600.

-60C.

-600.

5
13
21
29
37
45
53

0

o}

Q

0

o}

0

0

0
[
c
0
¢}
o]

0

6
14
22
30
38
46
54

¢}

0.

0.

0.

0.

O

Q.

0.

2.

2.

Q.

2.

0.

l.

0.

250,
250,
245,
437,
4SG7,
657,
6E2,
750,
75C,
S72,
438,
939,
952,

856,

C.500)
C.25C)
C.500)
C.250})
C.500)
C. )
€.250)
C. )
€.250)
C.250)
0.750)
€.500})
1.0CC)

C.500)

RH VAL
0. 0. O. 0.
36.5447 36.5534 0. 0.
O. 7.5518 16.2042 15. 6423
12.0545 0. 0. 0.9608
2.7482 12.1621 8.9666 C.
Oa 0. B.4435 9.3437
1.6627 6.1796 0. 3.4263
8.3867 9.7986 5.1438 5.1438
IS 0.00473 VOLTS AND OCCURS AT
POTENTIAL
1000.0000 1000.0000 1000.0000 1000.0000
790.0117 790.5113 696.5851 501.0987
20.1866 -146.5260 -109.6380 -64.4640
-499,1073 =~767.2344 -1000.0000 -932.6057
-792.8840 -644.,0203 -592.2148 —-1000.000C
-616.5369 -550.4070 -457.9888 -395.6505
~251.3279 -241.9987 -168.7470 -154.8273
-0. Q. -0. 0.
EQUIPOTENTIAL PRINTOUT
( 0. v 0.250) ( 0. v 0.500) ( 0. '
{ 0. v+ O } (0. v O. y ( O [}
{ 0.238, 0.750) ( 0.239, 1.000} ( 0.250,
{ 0.372, 0.500) ( 0.369, 0.750} { 0.371,
{ 0.494, 0.750) ( 0.499, 1.000) ( 0.500,
{ €C.590, 0.500) ( 0.595, 0.750) ( 0.607,
{ 0.695, 0.750) { 0.715, 1.000) {( 0.750,
{ 2.750, 0.250) ( 2.750, 0.500) ( 2.750,
( 2.750, 0.500) ( 2.750, 0.750) { 0. 1]
[ 0.849, 0.250) ( 0.767, 0.500) ( 0.789,
{ 2.38l,y 0.500) { 2.345, 0.750) ( 2.332,
{ 0.832, 0.500) ( 0.877, 0.750) ( 0.943,
(1.953, 1.000) ( 2,000, 0.733) ( 2.215,
{ 0.964, 0.750) ( 1.000, 0.292) { 1.000,
( ls416, 1.000}) ( 1.500, 0.962}) { 1.600,
{ 2.000y» 0.063) ( 2.0164 0. Yoo 0. '

UES
0.
10.3752
0.
12.8432
[V
6.8942
12.0433
0.

MESH POINT

VALUES
1000.0000
395.5515
-257.1412
-705.7480
-789.0769
~-376.7771
—-126.2424
Q.

0.750)

0. )

0.490}

1.000)

0.489}

1.000)

0.280}

0.750)

G )

0.750)

1.000)

1.000)

[ )

J.862)

7.750)

0. )

(

0.

21.5913
O,

10.4053
5.3169
0.
5.9281
0.

44

1000.0000 8
390.0618 3

-534.4687 -922.4115
-615.2989 -1000.0000
-638.1402 ~-S33.8799
-365.3327 -338.0239

0.
21.4151

0.

0.
10.9179

0.

5.6113

Q.

92.0716
97.9575

-116.7851 -113.2813

0.

0. y 1.000)

0.415, 0. )
0.500, 0.124)
0.670, 0. )
0.750, 0.063)
0.8764 0. )
2.750, 1,000}
0. y O )

0.828, 1.900)

1.000, 0.129)
2.177y 0.250)
1.168y 0. )
1.750, 0.591)

0. y O )

0.

[ 0.250,

17.9619
0.
13,2212
0.
7.805¢4
11.84AA1
0.
(¢8

796.0714
260.6426

-682,4409
-967.7610
-501.3821
-281.5294

O
Q.

0.250)

0. )

0.259)

0. )

0. )

N,.507)

0.2530)

0.250)

Ce. )



eIl

)

)

)

POTENTIAL (X,Y) -800.0 { G.961y C.500) ( 1.000, 0.421) ( 1.000, 0.628) { 1.143, 0.250) { 1,250, 0.035) ( 1.250, 0.646)
POTENTIAL {X,Y) -800.0 { 1.285, 0. y t 1.487, 0.500) { 1.500, 0.490) { 1.735, 0.250} ( 1.750, 0.237) { 1.880, 0.
POTENTIAL {X,Y} -1000.0 { 1.25Cy C.250) ( 1.250, 0.250}) ( 1.250, 0.250) ( 1.500, O. ) { 1.250, C.250) ( 1.530, 0.
POTENTIAL (X,Y} -1000.0 ( 1.750+ 0. )} ( 1.750, 0. ) { 1.750, O. b L 0. v O U 0. y O. }o( Q. r O
CYCLE 8

CURRENT DENSITIES ARE CALCULATED USING ECUIPOTENTIAL OF 790.51134 VOLTS WHICH HAS X-Y CODRDINATES
1 (0.423,0. ) 2 (0.315,0.25C) 3 (0.253,0.500) 4 (0,249,0.750) 5 (0.250,1.000)

EMITTER ARC LENGTH , DELTA ARC LENGTH 0.50000 0.12500
X~Y EMITTER COGRDINATES
1 (C.050+C.50C% 2 {0.05C,1.000)
X-Y BEGIN TRAJ. COORDINATES
1 1€.050,0.50C) 2 (0.050,0.625) 3 {0.050,0.750) 4 {0.050,0.875)

X-COORC TRAJ NUM REFLECTION COUNTER Y-CUORD X=-VEL COMP Y-VEL COMP

C.2500 1 0 C.5000 0.17207€ 05 0.
2 ] 0.6250 0.17335& 05 0.
3 0 0.7500 0.17461E 05 0.
4 0 0.8750 0.17451E 05 O.
0.5000 1 o] 0.5085 0.29625E 05 0.15987E 04
2 0 0.6259 0.29692E 05 0.17752E 03
3 [¢] 0.7501 0.29759E 05 0.24140E 02
4 0 0.8743 0.29663E 05 -0.12880E 03
0.7500 1 0 0.5235 0.40752E 05 0.26086E 04
2 0 0.6260 0.40468t 05 -0.14826E 03
3 0 0.7487 0.40141E 05 ~0.41414E 03
4 Y] 0.8714 0.39735E 05 -0.68234E 03
1.0000 1 0 -1.0000 0.52451€ 05 0.27984E 04
2 0 0.6250 0.51104E 05 —-0.22442E 04
3 0 0.7407 0.49490E 05 -0.24776E 04
4 0 0.8621 0.48134E 05 -0.25935E 04
1.2500 1 0 ~1.0000 0.52451E 05 0.27984E 04
2 0 0.6062 0.51334E 05 -0.54675E 04
3 0 0.7210 0.49816E 05 -0.53157E 04
4 a 0.8431 0.49051E 05 -0.47907E 04
1.5000 1 0 -1.,0000 0.52451t 05 0.27984E 04
2 ¢] 0.5726 0.49728E 05 -0.81195E 04
3 0 0.6885 0.48698E 05 -0.75167E 04
4 0 0.8150 0.48313E 05 -0.61550E& 04
1.7500 -1.0000 0.52451E 05 0.27984EF 04

0.5255 0.47549E 05 -0.10188E 05
0.6447 0.46797E 05 -0,92106E 04
0.7799 0.46686E 05 -0.71860E 04

F RV NE g
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2.0000 1 0 -1.0000 0.52451E 05 0.27984E
2 0 0.4659 0.44683E 05 -0.11796E
2 0 0.5905 0.44238E 05 ~0.10527E
4 0 0.7382 0444481k 05 -0.80020E
2.250C 1 0 ~1.0000 0.52451E 05 0.27984E
2 0 0.3942 0.41543E 05 -0.12941E
3 0 0.5264 0.41373E 05 -0.11435¢€
4 G 0.6903 0.41980E 05 -0.85679E
2.5000 1 C ~1.0000 0.52451E 05 0.27984E
2 0 0.3110 0.38425E 05 -0.13661E
3 G 0.4530 0.38523E 05 -0.12009¢
4 0 0.6368 0.39454E 05 -0.88704€E
2.1500 1 0 -1.0000 0.52451€ 05 0.27984E
2 0 0.2177 0.35432E 05 -0.13905E
2 0 0.3715 0.35863E 05 -0.12230E
4 0 0.5786 0.37138E 05 -0.89573¢E

THRUST DISTRIBUTICN BY STREAM TUBES (NEWTONS/UNIT H)

1 0. 2 0. 3 (0.209802E~-05 4 0.226902€E-05 5
TOTAL THRUST (NEWTONS/UNIT H) 0.666880E-05

TOTAL POUOWER (WATT/UNIT H) 0.121546E-0C

INITIAL CURRENT DENSITIES (AMPS/{UNIT H)*%2)

1 0. 2 C.350769E-03 3 (0.357920E-03 4 0.361040E-03 5
INITIAL CURRENTS {AMPS/UNITY H)

1 ¢. 2 0.438462E-04 3 0.447401E-04 4 0.451300E-04 5
TOTAL INITIAL CURRENT=0.178712E-03 AMPS/(UNIT H)
AVERAGE INITIAL CURRENT DENSITY=0.357424E-03 AMPS/{UNIT H)*%2
TRANSMITTED CURRENT AT ACCEL. GRID=0.132853E-03 AMPS/(UNIT H) WHICH 1S

0.230177E-05

0.359966E-03

0+449957E-04

T4.34 PERCENY OF THE INITIAL CURRENT.
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